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PREFACE TO THE SECOND EDITION 


Numerous improvements in dairy equipment and in dairy-plant 
design have come about since the first edition of Dairy Engineering 
was published, and it is therefore desirable to bring this material to 
the attention of students and technologists of the dairy industry. 

A considerable amount of new’ material has been added on plant 

* 

design, waste disposal, labor-saving methods, and servicing of dairy 
equipment, which it is believed will be of great value. 

Important progress has been noted also in the establishment of 
sanitary standards for dairy equipment. Considerable material has 
been added on several new’ processes dealing with the handling of 
dairy products. 

I wish to thank the many industrial concerns as w r ell as individuals 
who have kindly made helpful suggestions or furnished material for 
this new edition. Special thanks are due for the use of the material 
dealing with the 3A Sanitary Standards. These are the results of 
joint efforts of the International Association of Milk and Food Sani¬ 
tarians, the United States Public Health Service, and the Dairy In¬ 
dustry Committee, and represent the thinking of all branches of the 
dairy industry, including users, regulatory officials, and equipment 
manufacturers. They were developed to encourage new and better 
design of dairy equipment. The 3A Standards are published in the 
Journal of Milk and Food Technology, and reprints may be obtained 
from that Journal or from Sanitary Standards Sub-Committee Dairv 

Industry Committee, Barr Building, Washington 6, D. C. ’ 

1 

, Arthur W. Farrall 

Last Lansing , Michigan 
October, 1952 
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PREFACE TO THE FIRST EDITION 


My aim in preparing this book has been to bring together data 
concerning the engineering phases of the dairy industry, in a simple 
and concise manner, understandable by the practical plant operator 
and also by the student of the dairy industry who has not had the 
benefit of a technical engineering training. It is hoped that the book 
will assist materially in obtaining greater efficiency in dairy-plant 
operation, and in the selection, installation, and management of the 
equipment as well. The treatment has been from the standpoint of 
the operator and student rather than from that of the designer of dairy 
equipment. References are provided for more extensive study of some 
subjects. 

I have drawn from the literature for some of the data, also from 
my experience as instructor in dairy engineering at the University of 
California for a number of years, and research work in dairy ma¬ 
chinery in connection with one of the largest dairy-equipment manu¬ 
facturing companies in the United States. I wish to express my ap¬ 
preciation to the large number of friends in the industry who have 
given encouragement to the preparation of this book, and to the dif¬ 
ferent equipment and operating companies who have kindly contrib¬ 
uted data and photos. Special thanks are due Mr. George W. Putnam, 
Vice-President of the Creamery Package Mfg. Company, for his en¬ 
couragement and counsel in the preparation of this work, and to Dr. 
E. G. McKibben of Iowa State College for many helpful suggestions. 

Arthur W. Farrall 

Wilmette, Illinois, 191$ 
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INTRODUCTION 


The dairy industry has become highly technical and almost com¬ 
pletely mechanized. It also ranks as one of the greatest in our country 
at the present time, representing an investment of more than 3 billion 
dollars. 

The rigid health-department requirements, together with special 
processes involved, call for many types of specialized equipment in 
addition to standard apparatus. Most of the processes have to do 
with heating or cooling of the product and with the application of 
power. More exact control of processes, as well as more efficient oper¬ 
ation, are increasingly important as the industry comes of age and as 
competition from other industries becomes more keen. A number of 
processes have been made continuous, in line with modern trends. 

In the following pages an effort has been made so to treat the 
various subjects that they will be clearly understood by students and 
practical operators. Considerable data have been included on care 
and servicing of plant equipment; also reference tables are supplied 

covering data frequently needed in the dairy plant and by students 
of the dairy industry. 
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CHAPTER I 


PHYSICAL AND CHEMICAL PROPERTIES OF MILK 

The physical and chemical properties of dairy products are found 
to have a marked effect upon the design and use of dairy equipment. 
For instance, the limiting temperatures that can be used in pasteuriz¬ 
ing are set by the susceptibility of milk to flavor changes when heated. 
Viscosity has a very great effect upon heating efficiency of various 
equipment. Dairy products are affected by agitation and by high 
pressures, as well as by contact with certain metals. Specific heat 
and density are other important properties. There is much that is 

TABLE I 

Physical Properties of Dairy Products and Materials 

Used in the Dairy Industry 



Specific 

Heat 

Specific 

Gravity 

Air 

B.t.u./lb./° F. 
0.243 

0.0012 

Aluminum 

0.218 

2.56 

Butterfat 

0.56 

0.86-0.87 

Cheese (Cheddar) 

0.64 


Copper 

0.093 

8.93-8.95 

Evaporated milk 50° F* 

0.92 

1.0662 

40% cream 

*0.58 to 1.105 

0.995 

Gelatin 

* * * * ■ 

1.27 

Ice-cream mix 

0.80 

1.06-1.09 

Iron 

0.119 

7.85-7.88 

Nickel 

0.109 

8.60-8.90 

Plain condensed milk 

0.94 ■ 

1.16 

Skim milk 

0.95 

1.037 

Sugar 

0.27 

1.61 

Water 

1.00 

1.00 

Water vapor at 212° F. 

0.47 

0.000596 

Whole milk 

0.93 to 0.94 

1.028 to 1.035 

Wood (oak) 

0.42 

0.60 to 0.90 


* Sec fig, 1 for specific heat at various temperatures. 
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not known about the properties of milk, on account of its complex 
nature; however, considerable data have been collected, and the 
subject is being further studied. The following information will be 
found helpful in the study and use of dairy equipment. 



Temperature °F. 

From U.S.D.A. Bulletin IS8. 


Fia. 1. The Specific Heat of Milk Products. 


Heat Capacity of Milk. The specific heat of milk and cream varies 
widely, depending upon the fat content and the temperature. The 
specific heat is greatest at a temperature of 67° F., and it decreases 
rapidly above and below this point. The greater the percentage of 
cream, the more pronounced is this change. Higher percentage of fat 
results in lower specific heat, except in the immediate vicinity of the 
67° F. temperature, where the apparent specific heat is greatest for the 
cream with the highest fat content. Figure 1 shows this phenomenon 
very clearly. 
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PHYSICAL AND CHEMICAL PROPERTIES OF MILK 

Density of Milk. The specific gravity or density of milk also 
varies according to its composition. The usual range is from 1.028 
to 1.035. An average figure may be taken as 1.032, which corresponds 
to a value of 8.59 pounds per gallon. Table II shows the specific 
gravity of milk and cream of various percentages of butterfat at 

68° F. 

TABLE II 


Specific Gravity of Milk and Cream of Various Percentages 


Per¬ 
centage 
of Fat 

Specific 

Gravity 

Per¬ 
centage 
of Fat 

Specific 

Gravity 

Per¬ 
centage 
of Fat 

Specific 

Gravity 

Per¬ 
centage 
of Fat 

Specific 

Gravity 

0.025 

1.037 

n 

1.024 

21 

1.012 

31 

1.003 

1 

1.036 

12 

1.022 

22 

1.011 

32 

1.002 

2 

1.035 

13 

1 .'020 j 

23 

1.010 

33 

1.001 

3 

1.034 

14 

1.019 

24 

1.009 

34 

1.000 

4 

1.032 

15 

1.018 

25 

1.008 

35 

0.999 

5 

1.031 

16 

1.017 

26 

1.008 

36 

0.999 

6 

1.030 

17 

1.016 

27 

1.007 

37 

0.998 

7 

1.029 

18 

1.015 

28 

1.006 

38 

0.997 

8 

1.027 

19 

1.014 

29 

1.005 

39 

0.996 

9 

10 

1.026 

1.025 

20 

1.013 

30 

1.004 

40 

0.995 


The specific gravity of concentrated milk products, such as plain 
condensed and sweetened condensed, is used as a rough approximation 
of the percentage of solids in the product. Table III shows the rela¬ 
tionship between specific gravity and total solids of several common 
condensed dairy products. Note that in many processes the density 
is given in degrees Baume rather than in specific gravity. Note also 
that the density changes vary widely with the temperature, so that, 
m practice all readings must be made at a certain temperature-^ 
usually 60° F.—or a correction must be applied. If necessary, a 

reading in specific gravity may be calculated if the reading in degrees 
Baume is known. For example: 

For liquids heavier than water 




145 

145 — Deg. Baum6 



Deg. Baum6 = 145 
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For liquids lighter than water 



140 _ 

130 + Deg. Baum6 



Deg. Baumd 



Table III shows the density of milks and creams of various com¬ 
positions; Table IV shows the average composition of a number of 
milk products and materials used in the dairy industry. 


TABLE III 

Density op Milks and Creams op Various 

Compositions 


Fat, 

% 

Solids- 

not-Fat, 

% 

Total 

Solids, 

% 

f 

Specific 
Gravity 
at 68° F. 

Pounds 

per 

Gallon 

3.0 

8.33 

11.33 

1.034 

8.61 

3.5 

8.60 

12.10 

1.033 

8.60 

4.0 

8.79 

12.79 

1.032 

8.59 

4.5 

8.95 

13.45 

1.032 

! 8.58 

5.0 

9.10 

14.10 

1.031 

8.58 

20.0 

7.13 

27.13 

1.013 

8.43 

30.0 

6.24 

36.24 

1.004 

8.36 

40.0 

5.35 

45.35 

0.995 

8.28 

50.0 

4.50 

54.50 

0.980 

8.17 


Freezing of Milk Products. The freezing point of milk is quite 
constant, however; it is always lower than water and varies with the 
composition of the milk. Fresh whole milk freezes at 31.089° to 
31.093° F. Added water raises the freezing point; added soluble sub¬ 
stances, such as sugar and acid, lower the freezing point in proportion 
to the amount added. Very accurate tables have been worked out by 
which it is possible to detect watering of the milk through variation 
in the freezing point. 

Evaporated milk freezes at 29.5° F.; sweetened condensed milk, 
at 5° to 10^4° F. Ice-cream mix freezes at a temperature depending 
upon its composition; usually, however, it starts freezing at 28° F. 
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or thereabouts. Figure 107 shows the freezing-point curve of a stand¬ 
ard ice-cream mix. The greater the sugar content and solids content, 

the lower will be the freezing point. 

When milk is frozen, changes occur in both its physical and chem¬ 
ical properties. Its volume is always increased. When it freezes in 
a container such as a can or bottle, a layer of ice is found around the 
sides and at the bottom first. Most of the sugar, casein, and other 
mineral matter collects in the center fluid portion, while the fat 
gathers at the top. When the milk is thawed out, small clots of 
albumen and fat will be found separated and floating on the top of 


TABLE IV 

Composition op Dairy Products and Materials Used in the Dairy Industry 



Fat, 

% 

Sugar, 

% 

Serum 

or 

Other 

Solids, 

% 

Total 

Solids, 

% 

Specific 

Gravity 

at 

60° F. 

Pounds 

per 

Gallon 

Skim milk 

0.02 

0.00 

8.91 

8.93 

1.037 

8.64 

Evaporated milk 

7.80 

0.00 

17.70 

25.50 

1.065 

8.85 

Plain condensed skim milk 

0.10 

0.00 

27.00 

27.10 

1.108 

9.24 

Sweet condensed whole milk 

8.00 

42.00 

20.00 

70.00 

1.285 

10.80 

Sweet condensed skim milk 

0.00 

42.00 

27.00 

69.00 

1.300 

10.83 

Skim milk powder 

0.22 

0.00 

96.78 

97.00 


Whole milk powder 

27.00 

0.00 

71.00 j 

98.00 



Granulated sugar 

0.00 

100.00 

0.00 

100.00 


7.60 

Cerelose 

0.00 

92.00 

0.00 1 

92.00 



Com syrup 

0.00 

82.00 

0.00 

82.00 

1.320 

11.00 

Butter, uusalted 

82.60 

0.00 

.50 

83.00 


Butter, salted 

80.60 

0.00 

2.50 

83.00 



Strawberries, cold pack 

0.00 

40.00 

6.00 

46.00 

1.320 

11.00 

Cocoa, powder 

29.00 

0.00 

72.50 

95.50 



Chocolate, bitter 

Gelatin f 

49.00 

0.00 

45.00 

94.00 



0.00 

0.00 

95.00 

95.00 



Egg, liquid whole 

10.50 

0.00 

16.50 

26.50 



Egg, liquid yolk 

33.00 

0.00 

15.00 

48.00 



Egg, powdered whole 

29.50 

0.00 

68.50 

98.00 



Egg. powdered yolks 

66.00 

0.00 

32.00 

98.00 




the milk. If, however, the freezing takes place quickly, as when the 
milk is sprayed against a cold drum, this separation does not take 
P ftce, and the thawed milk appears to be normal. 

Slow freezing of cheese causes a crumbly body owing to the sepa- 
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ration of the water and rupture of cells. This same phenomenon is 

apparent in ice cream or cream which is hardened slowly. 

Boiling Point of Milk. The boiling point of milk varies also with 

its composition and its pressure. The addition of solids, salts, sugars, 

or acids raises the boiling point. Normal milk boils at a temperature 

of approximately 213° F. at atmospheric pressure of 14.696 pounds 
absolute. 

When the concentration is doubled, the boiling point rises 0.9° F.; 
if the concentration is 1 to 3, the boiling point will rise 1.35° F. In 
practice, where milk is to be concentrated by boiling, it is done under 

vacuum (see Chapter XIV) in order to reduce the temperature of 
boiling and increase the rapidity of evaporation. 

Boiling of milk at normal pressure produces a number of marked 
changes in the product as follows: (1) it decreases the percentage of 
cream which will rise to the surface; (2) it darkens the milk; (3) it 
gives the milk a cooked taste; (4) it coagulates the albumen and 
forms a scum on the surface; (5) it decomposes the proteids; (6) it 
precipitates calcium and magnesium salts; (7) it breaks up fat glob¬ 
ules; (8) it destroys enzymes; and (9) it decreases the curd tension. 
The acidity of the milk greatly affects the heat stability. Milk of 
normal acidity of 0.12 to 0.17 per cent can be heated to 212° F. 
without trouble; however, if the acidity is 0.20 or above, the milk 
will* usually coagulate before this temperature is reached, causing 
much trouble in milk-heating equipment. A very interesting phenom¬ 
enon is noted when milk is heated too rapidly, i.e., when there is 
a wide temperature difference between the heating medium and the 
milk. This nearly always results in the formation of a deposit of 
milk stone on the heating surface. Most modern equipment uses a 
heating medium only a few degrees warmer than the milk in order 
to prevent this difficulty. 

Expansion of Milk. The expansion of milk is of practical signifi¬ 
cance because of its bearing on the capacity of tanks. Milk products 
which have entrapped air in them greatly increase in volume as the 
temperature rises; however, even pure milk products increase in 
volume to a marked extent. Table V shows the temperature-volume 
relationship, as given in U.S.D.A. Misc. Publication 138. 

Agitation of Milk. Agitation of dairy products containing butter- 
fat should be gentle but complete and uniform. Severe agitation 
causes clumping and churning of butterfat as well as other disturb¬ 
ances in milk and cream. Insufficient agitation in heaters and vats 
may result in localized overheating and “burning on” of products. 
Pressure intensifies the churning effect of agitation. 
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TABLE V —Continued 

Temperature and Volume * Relationship of Dairy Products 
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DAIRY ENGINEERING 


Viscosity of Milk. Viscosity of dairy products is important from 
the standpoint of the effect upon agitation and rate of heat transfer 
in pasteurizers or heat exchangers. Materials of high viscosity re¬ 
quire a large-surface, slow-moving-type agitator to move them prop¬ 
erly. High-viscosity materials cause a slow-moving film on heating 
or cooling surfaces and thereby greatly reduce the rate of heat trans¬ 
fer of a given piece of equipment in comparison with low-viscosity 
substances. Viscous fluids also require high pump pressures for forc¬ 
ing them through pipe lines. 

The viscosity of milk products varies greatly, according to com¬ 
position, age, and treatment. Increase in concentration increases vis¬ 
cosity; aging at low temperatures increases viscosity; and homogen¬ 
ization does likewise. 

Effect of Metals on Milk. Experience has shown that the choice 
of metals used in contact with milk products is very important, not 
only from the standpoint of durability, but principally as regards 
their effect on flavor. Modern milk of low bacteria count is so sensi¬ 
tive to flavor changes that even small amounts of some metals, when 
dissolved, will cause off-flavors. Many investigators, as Hunziker, 
Cordes, Roadhouse, and Guthrie, have studied the problem in much 
detail, with the result that we know which metals are safe to use. 

The considerations which influence our choice of metals are effect 
on flavor, toxicity, durability, heat transmissibility, workability, and 
cost. 

Metals Available for Use. In the list of metals available for use 
in the construction of dairy equipment, tinned copper should be men¬ 
tioned first. Copper, when properly tinned, does not unduly affect 
the flavor of milk and is not toxic; it is reasonable in cost and has 
the great advantage over all other common materials of being easily 
fabricated, so that it lends itself to the construction of hundreds of 
parts and apparatus which could not be economically built of other 
materials. Furthermore, it can be repaired easily and inexpensively 
by an ordinary workman, using a soldering outfit. Retinning is pos¬ 
sible at reasonable prices. The principal objection to tinned copper, 
as most dairymen know, is that the copper will impart metallic flavors 
when the bare metal is exposed. Copper is the most satisfactory 
metal for use in contact with brine. 

When copper is tinned by the hot process, the coating of tin is 
less than 0.0001 inch in thickness. With the electrolytic process, it is 
common to have a coating 0.004 or 0.005 inch thick. This equipment 
cannot be soldered satisfactorily because, when it is heated, the tin 
melts and runs off. The electrolytic process is most frequently used 
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on prefabricated equipment so that no soldering is necessary after the 
tinning. 

Low-carbon rolled steel is widely used for bodies of tanks, vats, 
bottle washers, conveyors, and the like, but not for parts in contact 

with milk. 

Chrome iron, sometimes called stainless steel, is used for veneers 
on tanks and vats; however, it is not entirely stainless. 

The rustless 18 per cent chromium, 8 per cent nickel alloys, of 
which Allegheny metal, Enduro KA 2, and Rezistal KA 2 are good 
examples, have come to the front as dairy metals. Tremendous strides 
have been made in the fabrication of these metal alloys, and it is cur¬ 
rently possible to obtain nearly any piece of dairy equipment made 
of these materials. They draw well, make good welds, are nearly in¬ 
soluble in milk, clean easily, and are attractive in appearance. Stain¬ 
less-steel sheets are furnished in several degrees of polish or luster 
covering the range from plain pickle finish to practically a mirror 
finish. The No. 4 finish is usually considered most desirable for gen¬ 
eral dairy use on vat linings as it is very smooth, easily cleaned, and 
does not show scratches as does the higher-luster finish, as for example 
the No. 7, which is practically a mirror finish. 

Stainless steel, 18 per cent chromium, 8 per cent nickel, cannot be 
used successfully in contact with brine, as it is frequently corroded 
and small holes will appear. 

The basic austenitic chrome, nickel (chrome 18, nickel 18 per cent) 
stainless steel material for general corrosion resistance and deep draw¬ 
ing operations, is known as type 302. This particular alloy is modified 
by the addition of various metallic elements or by change in the nickel, 
chrome, or carbon content to meet more exacting conditions of service 
when necessary. Where a maximum of 0.08 per cent carbon is desired 

for certain purposes this alloy is available under the designation 18-8-S, 
type 304. 

Another important stainless metal in the dairy industry is the 

type 440 hardenable type stainless steel alloy. This is a 17 per cent 

chromium alloy steel, carbon 1 per cent, which, through heat treatment, 

develops maximum hardness and combines high strength and corrosion 
resistance. 


Nickel was used quite widely in the past as a metal for milk vats 
and tubes, but, on account of tarnishing and rapid corrosion when 
used for cooling, it has been rather largely superseded by stainless 
s ee and other metals. A nickel alloy called Inconel, which is com¬ 
posed of 80 per cent nickel, 14 per cent chromium, and 6 per cent 
iron, has one advantage over stainless steel in that it can be more 
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readily soldered where soldering is preferred to welding. It has an 
appearance similar to that of 18-8. It also is not guaranteed for use 
with brine. 

Aluminum has been mentioned as a possible dairy metal. It is 
used considerably in Europe at present. Because of its extremely 
light weight it lends itself well to many types of shapes which can 
be spun. Many small dairy farm utensils are successfully made of 
this material. Its use is limited by the fact that it is tarnished and 
corroded by ordinary alkaline dairy cleaners and sterilizers, so that 
a plant with a piece of aluminum equipment finds it necessary to use 
an aluminum cleanser throughout the plant, which is somewhat expen¬ 
sive. Further, the position of aluminum in the electromotive series 
makes electrolysis a problem. 


TABLE VI 

Electromotive Force Series of Elements 


Element 

Electrode 

Potential 

Element 

Electrode 

Potential 

Calcium 

2.87 

Lead Pb (++) 

0.122 

Sodium 

2.7146 

Hydrogen 

0.0000 

Aluminum 

1.70 

Copper (Cu ++ ) 

-0.344 

Zinc 

0.7618 

Oxygen (0 2 ) 

-0.397 

Chromium 

0.6670 

Copper (Cu + ) 

-0.470 

Iron (Fe ++ ) 

0.441 

Silver 

-0.7978 

Nickel 

0.231 

Mercury 

-0.7986 

Tin 

0.136 

Chlorine 

-1.3583 


Any element in the above list will replace a metal below it in the 
series; for example, if aluminum and iron are in contact with an elec¬ 
trolyte (which may consist of water containing dissolved oxygen), 
then the aluminum will go into solution and be corroded, protecting 
the iron. This principle is oftentimes utilized in prevention of corro¬ 
sion by attaching aluminum strips to an iron or steel tank. 

Numerous special copper-alloy dairy metals, such as Waukesha 
metal and Ambrac, have been brought out from time to time, for spe¬ 
cial purposes, usually to give better appearance. On account of their 
copper content, they are likely to affect the flavor of hot milk with 
which they come in contact, although they are in successful use in 
contact with milk at a temperature of 80° and under, and in the con¬ 
struction of fittings. A “white metal” of the approximate composi¬ 
tion, copper 66 per cent, nickel 20 per cent, tin 3 per cent, lead 4 per 
cent, zinc 4 per cent, iron 2.5 per cent, and manganese 0.5 per cent, was 
reported by Henderson and Roadhouse of California to be most satis- 
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factory of any of a series of white metals studied in 1939. This metal 
does tarnish somewhat but causes little effect on the flavor of milk, 
even at pasteurizing temperature. 

Solder is very widely used in the fabrication of dairy equipment. 
Ordinary solder is half tin and half lead. Under ordinary circum¬ 
stances, it is quite insoluble in milk. Although some health authori¬ 
ties have suggested the use of pure block tin as a solder substitute, 
it is not entirely satisfactory, as it is brittle, tends to crack, and is 
not nearly so strong as ordinary solder. A quite satisfactory non¬ 
tarnishing solder containing 95 per cent tin is now being used by some 
plants. 

Effect of Metals on Flavor of Milk. In view of the great emphasis 
upon the flavor and keeping quality of milk products, the effect of 
the metals on flavor of milk is of first importance. The classic work 
of Hunziker, Cordes, and Nissen, also that of Roadhouse and Guthrie, 
has shewn conclusively what a great many practical dairymen have 
long suspected, namely, that some of the common metals do impart 
objectionable flavors to milk, under certain conditions. 

It has been shown that extremely small traces of copper, iron, or 
zinc, taken up by milk, are sufficient to cause the development of an 
oxidized flavor, and that iron may cause fishy flavor in butter. It is 
believed that the presence of the metal acts as a catalyzer, which 
accelerates the rate of oxidation of the butterfat in the milk. 

It has been found that a number of factors affect the degree of 
action of the metal; for instance, there is likely to be a greater effect 
if the milk is warm,* and also if the metal surface is not clean and 
highly polished, if there is considerable free air in the milk, if the 
milk has high acidity, or if sugar is present. 

Authorities agree that, for freedom from metallic off-flavors, there 
must be no exposed copper or copper-containing alloy. A perfectly 
tinned surface, or Allegheny metal, or some of the other stainless 
steels of approximately the same composition, are safe under most 
conditions. 

Most dairy machinery companies recommend and use stainless 
steels wherever possible in their modern equipment, as it appears 
that they are the most satisfactory from the standpoint of flavor. 

Toxicity of Metals. The dairyman is concerned with the matter 
of toxicity of metals, as it is generally known that some metals such 
as arsenic, lead, and mercury are definitely poisonous when taken 

. * Guthrie and Bruecker of Cornell University state that nickel or nickel silver 
will cause flavors if milk temperatures are above 60® F. 
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into the system over a period of time. No specific deleterious effects 
have been noted in practice when any of the common dairy metals 
such as tinned copper, stainless steel, nickel, or aluminum are used. 

From the above it can be concluded that the danger of toxic effects 
from metals now commonly used in standard dairy equipment which 
is properly cleaned is nil. It should be pointed out, however, that the 
accumulation of products of corrosion such as verdigris, on copper or 
brass surfaces, should always be thoroughly removed before any dairy 
products which would be in contact with them are processed. 

Durability of Metal. In considering the matter of durability of 
metals in dairy equipment, one must recognize that abrasion, corro¬ 
sion, denting, and cracking are important. One must consider the 


TABLE VII 

Approximate Composition of Metals Used in Dairy Equipment 


Percentage Composition 


Name of Metal 

Cop¬ 

per 

Nickel 

Zinc 

Tin 

Copper 

Niokel silver (Qer- 

100 

—p 

—* 

— 

man silver) 

72 

18 

10 

| - 

Monel metal 

28 

67 



Ambrac 

75 

20 

5 


Bronze 

85 


2 i 

9 1 

Waukesha metal 

55 

— 

28 


Nickel bronze 

65 

20 

5 

5 

Nickel 

— 

99 

—_ A 


Solder 

— 


_ 

50 

Ascoloy 

—■ 

— 

- 


Enduro A 

— 

0.25 

— 

— 

Allegheny metal 


8-10 



Enduro Nirosta 
KA2 


7-10 

_S 

_' 



1 

Lead 

Iron 

Chro¬ 

mium 

Sili¬ 

con 

Man-' 

ganese 

Car- 
i bon 

Misc. 

— 

— 

— 

— 

— 


— 

— 

— 

— 





— 

+ 

— 

— 

+ 

1 _ 

— 

— 

— 

_ 

— 

— 

— 


4 

— 


— 



_ 

— 

+ 

— 

— 

+ 



5 

— 

— 

— 


— 

— 

— 

— 

— 

— 

— 

— 

__ 

50 

— 

— 

— 

— 

_ 

_ 

— 

83-87 

12-16 

0.5 

0.5 

0.1 

+ 

— 

81.5- 

16-18 

0.5+ 

0.5 

0.1 

+ 


83.5 






— 

69-74 

17-20 

0.5- 

0.5- 

0.1 | 

+ 

— 

68-75 

16.5-20 

Under 

Under 

Under 

+ 




0.75 

0.5 

0.16 



effect of the milk product on the material, and also the effect of 
cleaners and cleaning methods. 

Losses by abrasion are not large in the dairy industry; however, 
soft metals like tinned copper and aluminum are more often trouble¬ 
some than materials like stainless steel or Inconel. 

Corrosion is the greatest single factor affecting the life of dairy 
equipment, and a vast amount of study has been devoted to testing 
the resistance of various materials to corrosion. The reader is re¬ 
ferred again to “Metallic Corrosion in Milk Products and Its Effect 
on Flavor” by Hunziker, Cordes, and Nissen for information on de- 
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tailed tests of the metals. The surprising point is that, of all the 
various materials available, only a very few are suitable. Tin is quite 
soluble in milk; however, luckily it does not cause off-flavors and it 
can usually be replaced when necessary by retinning. Aluminum is 
moderately soluble in milk but does not affect flavor materially. It 
has the disadvantage that it cannot be easily repaired if a leak should 
develop, but, on the other hand, utensils made from it are homogeneous 
and do not require periodic resurfacing. 18-8 stainless steels appear 
to be very desirable from the standpoint of resistance to corrosion by 
dairy products, all of them being practically corrosion free in contact 
with dairy products, and not causing off-flavors. 

Corrosion by washing powders and cleaning solutions is a factor 
which must be considered. Prucha and Hunziker and others have 
shown that any of the above-mentioned metals, except possibly stain¬ 
less steels, are readily corroded unless the proper cleaning procedure 
is followed. For instance, aluminum is very readily corroded by 
strong alkalies. Stainless steels are sometimes corroded by chlorine 
solutions remaining in contact with the metal for too long a time and 
by brine. It is a well-known fact that certain common cleaners, such 
as trisodium phosphate, will take the tin off of tinned-copper vats in 
a very short time if used in too strong a concentration. Abrasive 
materials in general should not be used on any soft coated metals. 

Neutral soda washing powders seem to be most practical for use on 
tinned copper equipment. 


QUESTIONS 

1. What is specific heat? 

2. What is density? 

3. What is the specific heat of water? The density of water? 

4. Is the specific heat of milk greater or less than that of water? 

5. What is the formula for finding the specific gravity of a material heavier 
than water if the density in degrees Baume is known? 

6. What is the effect of freezing on milk? 

7. What is the effect of boiling on milk? 

8. Why is the expansion of milk, when heated, of importance? 

9. Why is viscosity of dairy products of importance? 

10. What metals are most satisfactory for use in contact with milk? 

11. How thick is the coating of tin on hot-process tinned copper? 

12. Is 18-8 stainless steel suitable for use in contact with brine? 

13. What are the advantages of 18-8 metal in the construction of dairy eauiD- 

ment? * 

14. What is the composition of ordinary solder? 



CHAPTER II 


SIMPLE MECHANICAL PRINCIPLES 

In the dairy industry the equipment used is of many different 
types. Various physical principles and units, which are defined be¬ 
low, must be understood to appreciate the functioning of this equip¬ 
ment. 

Elementary Quantities. Certain fundamental quantities are in¬ 
volved in all mechanical problems. They are: 

Time, which is a definite portion of duration, such as second, 
minute, or hour. 

Length, which is the separation in space, such as inch, foot, yard, 
rod, mile. 

Force, which is any cause tending to produce or modify motion. 
Force has both direction and magnitude. The magnitude of force is 
usually measured in pounds or tons. 

Compound Quantities. We also use quantities which involve two 
or more of the elementary quantities and have many useful expres¬ 
sions such as: 

Area, which is length times length, giving square feet, if the lengths 
are in feet. 

Volume, which is length times length times length, giving cubic 
feet, if the lengths are in feet. 

Work is the overcoming of a resistance by a force acting through 
a distance. It is measured by the product of the force (in the direc¬ 
tion of the distance) and the distance through which it acts. The dis¬ 
tance is usually measured in feet and the force in pounds, yielding the 
product in foot-pounds, which is the usually accepted unit of work. 
For example, if a weight of 10 pounds is lifted 100 feet, then the work 
done is 10 X 100 = 1,000 foot-pounds. The same amount of work 
would be done if a man, exerting a horizontal push of 10 pounds, 
moved a box 100 feet on the horizontal. The foot-pound is a very 
important quantity and represents a fundamental unit of work. 

Energy. Energy is defined as the capacity of an agent for doing 
work. Any agent capable of exerting a force acting through a dis- 

16 
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tance is said to possess energy, which may be in either a potential or 
kinetic form. 

Potential energy is latent or stored energy possessed by a body 
due to its position above some reference plane. Water in an elevated 
tank and cans of milk on a loading platform raised above the ground 
are examples of bodies possessing potential energy; they contain defi¬ 
nite quantities of energy which is equal to the weight of the object 
times the separation. For example, the work equivalent of the poten¬ 
tial energy of a ton of water at 100-foot elevation = 2,000 X 100 = 

200,000 foot-pounds. 

Kinetic energy is associated with a body due to its motion. The 
kinetic energy of a body having a given velocity is measured by the 
work done upon it to bring it to rest; example: the stopping of a 
moving truck or of a churn. The kinetic energy of a body moving in 
a straight line is given by the following formula. 



K.E. = kinetic energy in foot-pounds. 

W = mass of body in pounds. 

V = velocity of body in feet per second. 
g = acceleration of gravity or 32.16 feet per second per second. 

The formula for the kinetic energy of a body which is rotating 
instead of moving in a straight line may be obtained from more ad¬ 
vanced textbooks. However, some problems in rotation can be solved 
by the equation given above if the mass can be assumed to be concen¬ 
trated at some point in the radius of rotation. 

If, for example, an object weighing 5,000 pounds is moving with a 
velocity of 100 feet per second, the kinetic energy in foot-pounds 
would be 

1 W 1 5,000 

- X — 7 2 = - ~~ X 10,000 = 777,360 foot-pounds 

4 g 2 32.16 

Energy can never be destroyed but may be changed from one form 
to another. Besides the mechanical form of energy discussed above, 
that is, kinetic or potential energy of a body, energy also appears in 
many other forms, such as heat, electrical energy, chemical energy, 
and light. In some forms it is useful; in others it is useless or waste, 
like that lost by radiation from steam pipes or that which appears as 
heat in an overheated bearing. Useful energy of coal is released by 
combustion to form heat, which in turn generates steam, which is 
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utilized to drive an electric generator that supplies power for various 

purposes. Nearly always, where energy is changed from one form 

to another, some of it is lost, as far as useful work is concerned. The 

average simple steam engine delivers only about 4 to 8 per cent of the 

energy supplied to it by the steam; the best Diesel engines deliver 

from 35 to 40 per cent of the energy in the fuel. A water wheel or 

electric motor usefully delivers from 80 to 95 per cent of the energy 
supplied to it. 

Centrifugal Force. Centrifugal force is that force which tends to 

make a body which is revolving about a center move off in a direction 

tangent to the path of motion. It causes mud to fly off a rotating auto 

wheel and the cream to separate in a modern cream separator. The 

centrifugal force of a body varies directly as the radius, the mass, and 

the square of the number of revolutions per unit of time. It is given 
by the formula 


Centrifugal force in pounds = F = 0.00034 WRN 2 

where W = weight of revolving body in pounds. 

R = radius in feet of the circle in which the body revolves. 
N = revolutions per minute. 


F= 20 lbs. 


Torque. Torque is defined as any cause tending to produce or 
modify rotation about an axis. It is exemplified in the turning effort 
of a motor, and it is measured by 
the product of the force and the 
perpendicular distance from the 
axis of rotation to the line of ac¬ 
tion of the force. For example, the 
torque developed by a given motor 
may be determined by attaching 
an arm to the motor pulley, as in 
Fig. 2, and measuring the force ex¬ 
erted on a scale. If the scale shows 
20 pounds and the lever arm R is 1 foot, the torque is said to be 
20 X 1 = 20 pound-feet. Do not confuse this term with foot-pounds, 
which is the unit for work. An equation to find the torque developed 
by any rotating shaft delivering some power output is given below. 



Motor Pulley 


Fig. 2. Measurement of Torque. 



5,252 P 
N 


where T = torque in pound-feet. 

P — power delivered in horsepower. 
N = revolutions per minute. 
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Time Rate. Time rate is involved in a number of terms. 
Velocity is distance divided by time, and it is given in feet per 

second or miles per hour, etc. 

Acceleration is velocity divided by time, or distance divided by 
time squared, and is given in feet per second per second. 

Power is the time rate of doing work; it is usually measured in 
foot-pounds per minute and in horsepower. The horsepower (hp.), 
the commonly accepted unit for measurement of power, is equivalent 
to the performance of 33,000 foot-pounds of work per minute. 


Hp. = 


Foot-pounds per minute 

33,000 


This method of rating the performance of an engine was originally 
suggested by James Watt, the inventor of the steam engine, and has 
since been adopted widely for use as a general term describing the 
rate of doing work. One horsepower is equivalent to 0.746 kilowatt. 

Horsepower-Hour. Horsepower-hour is a very common term for 
measuring the quantity of work done; it is the amount of work accom¬ 
plished by 1 horsepower in 1 hour. Since 1 hp. is equivalent to 33,000 
foot-pounds per minute, 

1 hp-hr. = 33,000 X 60 = 1,980,000 ft-lb. of work 

1 hp-hr. = 0.746 kw-hr. = 2,545 B.t.u. equivalent 

Kilowatt-hour is also very commonly used in electrical work; it rep¬ 
resents the work done by 1,000 watts acting for 1 hour. 

1 kw-hr. = 2,654,200 ft-lb. = 3,412 B.t.u. 


QUESTIONS 

1. Find the work in foot-pounds required in lifting 14 cans of milk per min¬ 
ute (105 lb. each) from a platform to a conveyor at 1-ft. elevation. 

2. Find the horsepower required to raise an elevator loaded with 25 cans of 
milk from one floor to another 10 ft. higher, in 1 minute. The tare weight of 
the elevator is 1,000 lb. 

3. Find the horsepower-hours required to operate the elevator in Problem 2 
for 1 hour steady operation, assuming that the elevator was lifting 1 minute out 
of each 10. 

4. Find the energy in foot-pounds stored in an elevated water tank of 10,000- 
gal. capacity set 100 ft. above the ground. Water weighs 8.34 lb. per gal. 

5. Find the centrifugal force, in pounds, acting on the rim of a flywheel 4 ft. 
in diameter, revolving at a speed of 400 r.p.m. The weight of the flywheel is 
200 lb. concentrated in the rim. 






20 


DAIRY ENGINEERING 


6 What is the torque m pound-feet of an electric motor that develops a pull 

° f 7 wv°? h !u n “ ° f a ? UlIey 6 in - in diameter - which « attached to its shaft? 

, the torque m Pound-feet of a 1-hp. motor which operates at 1, 

r.p.m.? at 1,200 r.p.m.? ' 

8. What is the kinetic energy in foot-pounds of a 1,000-lb. chum rotating 

45 r.p.m., considering the weight to be 1,600 lb. and concentrated at a radius 
<6 it. from the center? 

9. What is force? work? energy? 

10. What is centrifugal force? 

11. What is torque? 

12. Define horsepower; horsepower-hour; kilowatt-hour. 


J*xamu & iSCaolhmlr Onurersrrv 

Accession No..- 




w r* 




CHAPTER III 


POWER TRANSMISSION 


The ideal drive for most dairy equipment is by direct shaft con¬ 
nection to a motor, or if low speeds are required, to a geared-head- 
type motor. There are, however, many places where a chain or belt 
must be used, and on many machines a variable speed drive is essen¬ 


tial. 

Horsepower Transmitted by Shafts and Belts. The maximum 
horsepower that may be transmitted by shafts is calculated by the 
following empirical formulas. 


Hp. = 
Hp. = 


Z> 3 X R 
50 

D 3 X R 
30 


for line shafts 


for counter shafts 


where D = diameter of shaft in inches. 

R = revolutions per minute. 

The maximum horsepower which a two-ply flat leather belt may 
transmit is given by the following empirical formula: 



V X W 

1,000 


where V = velocity in feet per minute. 
W = width of belt in inches. 


Example. Find the horsepower which can be transmitted by a 4-in. leather 
belt traveling at 400 ft. per min. 

Solution. 

V = 400 
W = 4 



400 X 4 

1,000 


1,600 

1,000 


1.6 hp. 


The V belt will transmit much more power for its size than the flat 
belt, and is very widely used. It operates with less tension than the flat 
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belt, and the-pulley centers can be closer. JVIultiple-groove pulleys are 
used to transmit large amounts of power with the V belt. Figure 3 

shows a typical V-belt drive. The driven pulley can oftentimes be flat 

if of relatively large diameter. V belts are quiet in operation and 

have great momentary overload capacity. They also have sufficient 
elasticity to absorb driving shocks, thus relieving machines of much 

operating strain. This is one of the most popular types of drives for 
dairy equipment. 



Courtesy of the Creamery Package Mfg. Co. 


Fig. 3. A Typical V-Belt Drive. 


The load-carrying capacity of V belts is determined by a number 
of factors, such as the cross section of the belt, the diameter of the 
pulleys, and the belt speed in feet per minute. The carrying capacity 
can best be determined in practice by reference to special tables put out 
by the belt manufacturers and based upon actual test performance. 

V belts are usually obtained in standard sizes such as A, B , C, or D. 
Size A is the smallest. Newer types of V belts have a flexible cable in 
the center that practically eliminates stretch with this type of belt. 
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V belts also have the advantage of utility in connection with certain 
special types of grooved pulleys to give a very simple, inexpensive, and 
satisfactory variable-speed drive. 

The care of V belts consists principally of keeping pulleys prop¬ 
erly aligned, maintaining proper tension, and keeping the belt as clean 
and free from water or grease as possible. Leather belts should have 

yearly treatment with neat’s-foot oil in order to keep them in good 
condition. For extremely moist conditions, balata belting is often¬ 
times used instead of leather. 

The arc of contact of belts is of importance in their satisfactory 

operation and in the load they will carry. Normally a drive should 

be arranged so that at least 120° arc of contact is obtained. 

Chains and Gears. Chains are used where positive drive is needed 

and where belts are too bulky. They should be well lubricated and 
kept at proper tension. The sprocket centers should not be directly 
above one another. Periodic cleaning is essential for long chain life. 
For longest service, chains should run in oil. The horsepower trans¬ 
mitted by chains is dependent upon the design and material of the 
chain. 

Gears are widely used and are very efficient. Spiral gears are 
quieter than straight spur gears. Fiber or composition gears which 
operate very quietly, if properly aligned, are widely used where ex¬ 
treme quietness is a factor. 

As horsepower transmission of gears is very largely dependent 

upon the material in the gears, it is impossible to give general values 

for the horsepower which can be transmitted. Cast-iron gears should 

not be used for heavy duty, and modern practice is almost wholly in 

favor of cut steel gears running in oil for use in dairy plants, except 

for light work, where open cast gears are used. 

Calculations of Shaft Speeds. Shaft speeds are calculated as fol¬ 
lows: 

The driving pulley is called the driver, and the driven pulley the 

i * ** * 

driven. 

To determine the diameter of the driver, the diameter of the driven 

being known, also the number of revolutions per minute of both driver 
and driven: 


Diameter of driven X R.p.m. drive n 

R.p.m. driver 


Diameter of driver 


To determine the diameter of the driven, the diameter of the driver 
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being known, also the revolutions per minute of both driver and 
1 9 ^ 
driven: 


Diameter of driver X R.p.m. d river 

R.p.m. driven 


Diameter of driven 


To determine the number of revolutions per minute of the driver, 
the revolutions per minute of the driven being known, also the diame¬ 
ter of both driver and driven: 


Diameter of driven X R.p.m. driven 

Diameter of driver 


R.p.m. driver 



Courtesy of the Reeves Pulley Co . 


Fig. 4 . The Reeves Variable-Speed Drive. 


To determine the number of revolutions per minute of the driven, 
the revolutions per minute of the driver being known, also the diame¬ 
ter of both driver and driven: 


Diameter of driver X R.p.m. driver 

Diameter of driven 


R.p.m. driven 


If gears are to be considered instead of pulleys, substitute the 
number of teeth in the place of the diameter in the above formulas. 
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Drive Troubles. Most troubles, no matter what type of drive, can 
be traced to misalignment of shafts or wheels, lack of proper lubrica¬ 
tion (if a metallic drive), overloading, lack of proper tension, or in¬ 
sufficient pulley wrap. In a chain or belt, the matter of proper tension 
is very important. Noise in gear or chain drives may be due to wear. 
In replacing chains, it is usually a good policy to replace sprockets 
also, since teeth on an old sprocket oftentimes do not fit a new chain 
and wear it out quickly. Chains which are too loose or too tight will 
wear the sprockets rapidly. They should be set so that there is a 
slight looseness on the slack side when running. 


3" to 4" dia. 2" to 3" dia. 



Courtesy of the Allis Chalmers Mfg. Co. 

Fig. 5. The Adjustable-Speed Pulley. 

* 

The effective diameter of a pulley of this type is changed by merely screwing the 
two sheaves closer together or farther apart. Speed can be changed from 25 to 50 per 
cent, depending on the size of the pulley. 


Variable-speed drives most commonly used in the dairy industry 
are: the the Reeves drive, the Luellen, and the P-l-V, all of which 
operate on somewhat the same principle of varying the effective di- 
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ameter of the driving pulley. The pulley consists of two sheaves 
conical in shape one or both of which may be moved along the shaft. 
If the distance between the conical sheaves is changed, the effective 
pulley diameter is varied. See Fig. 4. One development, which is 
popular and gives a speed range of about 2.5 to 1, is the single 
variable-speed pulley used with the V belt and a fixed-diameter driven 
pulley. By pulling the ‘driving pulley center back, the belt is drawn 
in to the center of the pulley and its effective diameter is decreased 
thus reducing the speed of the belt and the driven pulley. 

An adjustable-speed pulley, see Fig. 5, is also available for use 
where it is desirable to make small adjustments of speed (not while 

running), as, for example, to compensate for wear of positive pumps 
which have lost some capacity. 

QUESTIONS 

1. Find the horsepower which may be transmitted through a 2-in. line shaft 
running 350 r.p.m. 

2. What horsepower can be transmitted through a 4-in. two-ply leather belt 
running over 12-in.-diameter pulleys which are tu rning at 300 r.p.m.? 

3. Find the diameter of driving pulley necessary to drive a 24-in. pulley at 
150 r.pm., assuming that the driving pulley turns at 300 r.pjn. 

4. Find the revolutions per minute of a driven pulley 12 in. in diameter if 

the driver is 4 in. in diameter and turns at a speed of 900 r.p.m. 

4 Find the number of teeth in a driven gear to operate at 90 r.p.m. if the 

driver operates at 450 r.p.m. and has 20 teeth. 

6. Describe the principle of the “Reeves” variable-speed drive. 

7. Describe the principle of the adjustable-speed pulley which is used with 

V belts. 

8. Describe the proper procedure for the care of chains. 



CHAPTER IV 


ELECTRICAL POWER AND EQUIPMENT 

Practically all modern dairy plants utilize electrical energy for 
lighting and power, as well as for much of the control equipment, and 
sometimes for heating. Electricity offers many advantages on ac¬ 
count of its flexibility, cleanliness, and economy. The moist atmos¬ 
phere of dairy plants calls for special splash- and water-proof con¬ 
struction of motors and control equipment to provide the utmost in 
safety. The use of individual-drive motors on the various machines 
has made it possible to eliminate unsightly and dust-collecting belts 
and line shafting from plants, substituting a clean flexible hook-up 
with push-button control. Good illumination in the dairy plant is 
possible with electric lamps, and this is a great aid in sanitation as 
well as in efficient use of labor. 

Electrical Terms and Units. The meaning of the following gen¬ 
eral terms must be understood in order to deal with electrical equip¬ 
ment properly. 

Direct current is a flow of electricity through a conductor always 
in the same direction. The current from a direct-current generator 
or a storage battery is a good example of this. Direct current is little 
used at the present time for power or light. 

Alternating current is a flow of electricity through a conductor 
which changes its direction of flow at certain regular intervals, usually 
120 times per second. Most modern systems use alternating current 
on account of greater ease and economy of distribution, and because 
it makes possible the use of a simpler motor. 

Insulators are materials which have high resistance to the passage 
of electricity, being just the opposite of conductors. Rubber and dry 
wood are good insulators. 

Conductors are materials which readily allow the passage of an 
electric current. Copper is a good conductor. All metals and all 
moist surfaces are relatively good conductors. 

Resistance is the characteristic of a conductor which resists the 
flow of electricity. The unit of electrical resistance is the ohm. 
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TABLE VIII 

Equivalent Values of Electbical, Mechanical, and Heat Units 
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ELECTRICAL POWER AND EQUIPMENT 

In general, the resistance of a conductor varies directly as the 
length and inversely as the cross-sectional area, which in turn is pro¬ 
portional to the square of the diameter. 

The volt is the unit of electrical pressure. It will cause 1 ampere 

of current to flow through a resistance of 1 ohm. 

The voltage is usually 110 volts for lighting circuits, and 220 or 

440 volts for power circuits. 

The ampere is the unit of current flow. It is measured with an 
ammeter. 

The watt is the measure of electrical power; in a simple two-wire 
direct-current system it is given by the formula watts = volts X am¬ 
peres. One thousand watts is a kilowatt, the term normally used. 
A kilowatt flowing for 1 hour is called a kilowatt-hour, abbreviated 
kw-hr.; this is the unit of energy upon which charges for electricity 
are usually based. A wattmeter is used to measure watts. In direct 
current, the product of volts by amperes always gives watts, but in 
alternating current, this is not always true, for some circuits employ 
more than two wires; also the power factor enters into the calcula¬ 
tions. 

The power factor is the ratio of the true power compared to the 
apparent power of an alternating-current circuit. A simple way of 
determining the power factor of a two-wire circuit is to attach an 
alternating-current wattmeter as well as a voltmeter and ammeter in 
to the circuit. Then 

_ , Watts (true power) 

Power factor = ——;------ 

Volts X Amperes (apparent power) 

In complex circuits of more than two wires, the procedure is more 
involved and will not be discussed here. Power factor is important 
because, if the power factor is low, an excessive amount of current 
must be carried through the motors and conductors in order to de¬ 
velop a certain amount of power. This causes overheating of motors 
and excessive voltage drop in the lines. The ideal power factor is 1, 
i.e., the watts exactly equal the product of volts times amperes. This 
is rarely attained in practice, however, unless condensers or syn¬ 
chronous motors are used to raise the power factor. In many com¬ 
munities, the power companies penalize users by charging more for 
power used at low power factor. 

The most frequent cause of low power factor is the operation of 
induction motors at light load. 

Phase refers to the arrangement of circuits used on an alternating- 
current system. A single-phase system has only two wires. The cur- 
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rent obtained from any two wires of an alternating circuit, even 
though the system may have three or four wires, is single phase. 
Single-phase circuits are used for lights and fractional-horsepower 
motors, for heating, and the like. Two-phase and three-phase cir- 



Fig. 6. Sectional View of Three-Phase Squirrel-Cage-Type Ball-Bearing Motor. 

The motor illustrated above has two windings on the rotor, the outer cage marked 
A is of high-resistance metal, and the inner one marked B is made of copper or 
aluminum having low resistance. In starting, the outer winding serves to give high 
-torque, but in running the winding B carries most of the load. This arrangement 
gives the motor certain operating characteristics enabling it to be started “across 
the line’' even under load. The field coil C is the only winding which is connected 
directly to the power line. The field coil is supported by the stator D. The rotor E 
supports the two squirrel-cage windings and transmits the motor torque to the main 
shaft which is supported on ball bearings F. 


cuits are ordinarily used for power purposes. The two-phase uses 
three or four wires, and the three-phase uses three wires, ordinarily. 
The three-phase current is by far the most popular on account of its 
efficiency, wire economy, and the simple-type motors used with it. 

The cycle refers to the frequency of the alternations of the flow 
of alternating current. A cycle represents two changes in direction of 
the current, so the actual number of changes of direction would be 
the number of cycles times 2. The usual current has a frequency of 
60 cycles per second, although in some localities it is either 25 or 50. 
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The speed of induction motors is controlled by the frequency of the 
alternating current; thus, if a 60-cycle motor is placed on a 50-cycle 
line, it will operate at only five-sixths of normal speed. (See Table 
IX.) The operating characteristics of motors and other equipment is 
so affected by the frequency of current that they are not readily inter¬ 
changeable unless the frequency is within a few points of the rating. 

TABLE IX 


Full-Load Speeds for alternatinq-Curr,ent Motors 
Based on Approximately 4 Per Cent Slip 



25 Cycles 

50 Cycles 

60 Cycles 

2-pole 

1,440 

2,880 

3,450 

4-pole 

720 

1,440 

1,725 

6-pole 

480 

960 

1,150 

8-pole 

360 

720 

862 


Electric Motors. The electric motor, Fig. 6, is one of the simplest 
and most dependable power units yet devised. It depends for its opera¬ 
tion on outside electrical energy and converts this energy into mechani¬ 
cal work through the magnetic reaction between the poles on the rotor 
and stator. There are many types of motors for use with different 
circuits. The efficiency depends largely upon the size of the motor and 
may range from 50 per cent in small motors to 95 per cent or more in 
large motors of 100 hp. A partially loaded or badly overloaded motor 
is less efficient. 

Direct-current motors are usually of three general types, and they 
will not operate on alternating current. (Note that the universal-type 
motor made in small sizes will operate on either alternating or direct 

current.) 

The series-wound motor is so wound that all the current passes 
through the windings of both the rotor and the stator. This motor 
has the following principal characteristics: 

1. It will start under heavy loads. 

2. The speed depends upon the voltage and the load. The 

lighter the load, the higher the speed. 

The shunt-wound motor is so wound that most of the current 
passes through the rotor or armature winding, and only a part through 
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the field or stator windings. This motor is quite widely used and has 
the following characteristics: 

1. It has poor starting torque. 

2. It has fairly constant speed for a given voltage. 

The compound-wound motor is wound so that it combines the 
advantages of the series- and shunt-wound motors to give excellent 

starting characteristics together with good speed regulation. It is 
most widely used. 

All direct-current motors employ a commutator and brushes and, 
except in small sizes, must be equipped with a so-called starter for 
controlling the current flow until the motor armature is up to speed. 
Direct-current motors have one very great advantage for some uses, 
namely, that the speed can be changed very readily over a wide range. 
In practice, however, they have been almost entirely displaced in 
modern plants by alternating-current motors. 

Alternating-Current Motors. The alternating-current motor is 
widely used today in the dairy industry because it is the simplest, 
can most readily be made water- and splash-proof, and has excellent 
operating characteristics. The a-c. motor, except the repulsion and 
universal type, tends to operate at practically constant speed, regard¬ 
less of load, within the rating of the motor. 

Single-Phase Universal Motor. Single-phase universal motors are 
made principally in fractional-horsepower sizes. They are constructed 
very similar to a direct-current series-wound motor and may be used 
on either alternating or direct current. They are not very efficient 
and are used principally for special applications where electrical effi¬ 
ciency is not important. The sizes are usually below 1 horsepower. 
They have good starting torque and poor speed regulation. The direc¬ 
tion or rotation is changed by switching the field coil connections 
only. 

Single-Phase Split-Phase Motor. The single-phase split-phase 
motor is quite efficient but has low starting torque. It is used largely 
where less than 1 horsepower is required, as for driving fans and other 
equipment where no heavy loads are to be started. A small centrifu¬ 
gal switch is employed to cut out a starting coil after the motor is 
up to speed. The rotor is usually of the squirrel-cage type.* The 
direction of rotation is changed by switching the starting coil terminal 
wires. 

* The squirrel-cage rotor is so named because the conductors are fastened 
together and shaped like the bars of the traditional squirrel cage. 
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Single-Phase Capacitor Motor. This motor is very widely used for 
fractional-horsepower services and in some larger sizes where only 
single-phase current is available. It has much the same appearance 
and construction as a split-phase motor, but, through the use of a 
special condenser and resistance combination, which is usually housed 
in a container attached to the motor, it has some very desirable, fea¬ 
tures, although it is considerably more expensive than the split-phase 
motor. 


The starting and running characteristics are ideal in every respect. 
The capacitor motor will accelerate any load which the motor will 
carry because the pull-up torque is equal to, or greater than, the maxi¬ 
mum running torque. The starting current is well below the limits 
established by the power companies. Its high efficiency makes the 
capacitor motor very desirable from the standpoint of economical op¬ 
eration. The apparent efficiency is far higher than that obtained in 
the single-phase motor of conventional design. The capacitor motor 
causes no radio interference because there are no rubbing contacts 
such as brushes, commutators, or collectors. It is inherently quiet. 

Single-Phase Repulsion-Induction Motor. The single-phase re- 
pulsion-induction motor is widely used where heavy starting torque 
is required, as in driving compressors and heavy machinery. It has 
a wound rotor, and the commutator and brushes are quite similar to 
those of a direct-current motor or a plain repulsion alternating-current 
motor. . A centrifugal switch is oftentimes employed to short out the 
rotor windings as soon as the motor is up to speed so that it will then 
operate at fixed speed as a plain induction motor of the squirrel-cage 
type. Direction of rotation is changed by shifting the brushes. Im¬ 
proved-type capacitor motors have practically eliminated the need for 
this motor for many services. 

Polyphase Alternating-Current Squirrel-Cage Motors. The alter¬ 
nating-current motors designed for use on polyphase circuits are 
principally the two- and three-phase squirrel-cage-type motors. They 
are about the same in their operating characteristics and size. Nearly 
all motors of greater than % horsepower are of three-phase construc¬ 
tion. They are the most simple, efficient, and economical motors on the 
market for general use. 


The three-phase standard squirrel-cage induction motor, Fig. 6 
employs a rotor with fixed conductors; it uses no brushes or commu¬ 
tator; and it has a simple set of windings in the field coils This 
motor has very good starting torque and maintains practically con¬ 
stant speed over a wide range of load. “Across-the-line” motors have 
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a second inner squirrel-cage winding which reduces their starting cur¬ 
rent and makes a starting compensator unnecessary. The full line 

voltage is therefore applied to the motor in starting. Older standard 
single-wound motors of more than 5 horsepower must use a starting 
compensator to keep the starting current within bounds. Figure 7 
shows a typical performance curve for a 15-horsepower three-phase 
220-volt 60-cycle motor. It will be noted that the speed regulation is 
very good as the full-load speed is only 3 per cent less than the syn- 



Fiq. 7. 


H.P. Output 

Typical Performance Curves for a Modern Three-Phase Squirrel-Cage 

Type 15-Horsepower Motor. 


chronous or no-load speed. The direction of rotation is changed by 
switching any two line connections at the terminals. 

Wound-Rotor-Type Motors. The wound-rotor-type motor is con¬ 
structed the same as the standard three-phase induction motor, except 
that the rotor is wound and the ends of this winding are brought out 
to three slip-rings on the shaft, on which brushes rest. These brushes 
are connected to an external resistance which can be varied to give 

different speeds as desired. This motor is rather expensive and is 
used only on special equipment where changes of speed are desired. 

The speed may be varied from 4 to 1, but the efficiency is very low 
at the low speeds. 

Synchronous Motors. Synchronous motors are rarely used in sizes 
less than 50 horsepower, but where they can be used they will give 
very high efficiency and at the same time raise the power factor of 
the entire system. For this reason, many large companies use 
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them for driving refrigeration compressors. They operate at synchro¬ 
nous speed, irrespective of load, and require special starting devices. 

Geared Head Motors. Geared head motors have become very pop¬ 
ular in the dairy industry on account of their flexibility, compactness, 
and efficiency. Figure 8 shows the construction of a typical motor of 
this type. The gears are usually very finely finished and are fitted with 
ball or roller bearings which run in an oil bath, resulting in high 
efficiency. 



Courtesy of the Master Electric Co. 

Fig. 8. The Geared Head Motor. 


This type of motor is widely used in the dairy industry on account of its compact 
construction and the saving in cost of driving mechanism. Counter-shaft speed reduc¬ 
tions of 1 to 6 and as low as 1 to 400 are readily obtainable in standard types of geared 
head motors. 


3A Sanitary Standards for Electric Motor and Attachments. Cer¬ 
tain standards were set up in 1949 by the International Association of 


Milk and Food Sanitarians, the U. S. Public Health Sendee, and the 

Dairy Industry Committee to cover equipment for use in milk and 

food-processing plants. The principal object is to provide equipment 

that can be readily cleaned and is enclosed in such a manner that 

roaches and other insects will not be able to enter, and to prevent the 

escape of oil or grease. The more important of these standards are as 
follows: 


A. ELECTRICAL AND MECHANICAL DESIGN 

1. These standards apply to horizontal and vertical two-bearing 
motors and gearmotors in fractional and integral horsepower sizes, 
which conform to the National Electrical Manufacturers Associa¬ 
tion (NEMA) Motor and Generator Standards that are applicable. 

2. Motors of ratings up to and including the following to be in 
totally enclosed non-ventilated frames: 
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Rpm (syn.) 3,600 1,800 1,200 

Polyphase, hp. 2 2 1^ 

Single-phase, hp. 15 1 f 

Motors having ratings higher than the above may be (a) totally 
enclosed non-ventilated, (b) splashproof, or (c) totally enclosed 
fan-cooled. Where splashproof or totally enclosed fan-cooled 
motors are' used, screens shall cover all openings. 

3. Temperature rise to be in accordance with NEMA Standards, 
as follows: 

Totally enclosed non-ventilated motors: 55° C. rise, continuous 
duty. 

Totally enclosed fan-cooled motors: 55° C. rise, continuous duty. 
Splashproof motors: 50° C. rise, continuous duty. 

4 

4. Insulation. All motors shall be provided with high-moisture- 
resisting insulation such as is commonly used in motors subjected to 
high humidity conditions. 

5. Thermostats may be mounted inside motors, as an optional 
item, where it is desired to prevent a condition of overheating from 
stoppage of ventilation or other causes. 

B. SANITARY DESIGN 

1. Frame. The frame is to have a smooth external surface with¬ 
out fins, pockets, crevices, or sharp corners. A radius of % i n -i 
or larger, to be provided at all inside corners on external surfaces 

having angles less than 135 degrees. 

All ventilating openings to be designed for the use of removable 
screens of the same construction as specified under subsection 6 of 

this section. 

Terminal leads of all motors, where they pass through the motor 
frame into the conduit terminal box, shall be sealed with a suitable 
compound which will prevent the entrance of roaches or other 

insects. 

If drainage holes are provided, they shall be screened as de¬ 
scribed in subsection 6 of this section, or equipped with porous 

plugs or similar suitable devices. 

External surfaces of the motors shall be self-draining for any 

position of mounting. 

2. Foot or Base-Mounted Motors may be of four types: 

a. Flat-bottom base which has a continuous contact surface 
for mounting on a continuous flat surface. 
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b. Base with a continuous contact surface at outside edges 
for mounting on a continuous flat surface. 

c. Foot-mounted motor without pockets or connecting webs 
with individual feet in same plane. 

Note: A necessary cleaning space required under the motor housing shall be 
provided hv whoever mounts the motor (% in.-minimum required). 

d. Foot-mounted motor with connecting webs between feet 
forming cavities under the frame. 

Note: A necessary space required under the motor housing to provide inspec¬ 
tion and cleaning shall be provided by whoever mounts the motor (4 in.-minimum 
required). 

3. End Shields and Attached Gear Housing. End shields, gear 

housings, and other motor attachments and accessories shall have 

a smooth exterior surface without fins, pockets, crevices, or sharp 

corners. A space of less than % in. in the assembly shall be filled 

with a suitable non-shrinking, non-softening compound. A radius 

of % in., or larger, shall be provided at all inside corners on external 

surfaces having angles less than 135 degrees. If holes are required 

for plugs, gauges, etc., or for cap screws or through bolts securing 

end shields, raised bosses shall be provided. Convex or sloping 

surfaces shall be provided to avoid the accumulation of dirt or 

liquid matter when mounted in either the horizontal or vertical 
position. 

4. Vents. Vents in the gear housings, or where otherwise pro¬ 
vided, shall be of the normally closed type, opening only when air 

in the gear casing expands. Such vents shall prevent entrance of 
water or liquid into the gear case. 

5. Ventilating Openings. Ventilating openings in end shields, 

gear housings, etc., shall be effectively screened against the entrance 
of roaches and other insects. 

6. Screens. Screens shall be constructed of corrosion-resistant 

perforated metal with openings not over in. i„ diameter "! 

slots not over % 2 in. wide. They shall be located and mounted 

so as to be readily removable for cleaning. The screens shall be 
tight fitting. 

7. Screws , Nuts, Bolts, and Studs. Cap screws used to fasten 
end shields, gear covers, screens, etc., to motor frames shall be 

exagonal head type. Washers are permitted where necessary for 
mechanical reasons, or as an aid in eliminating open cracks. If 
studs or through bolts are used, crown nuts covering all threads 
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shall be used. (Slotted, countersunk, or socket-head cap screws 
or set screws are not acceptable.) 

8. Bearings and Bearing Seals. The bearings shall be designed 
to effectively prevent leakage of oil or grease to the exterior. 
Seals shall be provided to close shaft openings in end shields or 
gear cases. Such seals shall be designed to effectively prevent 
leakage of oil or grease during ordinary operations. 

9. Material and Finish. Exteriors shall be of corrosion-re¬ 
sistant material or shall be rendered corrosion-resistant by plating 
or by baked or air-dried lacquer or enamel. Chrome plate shall 
be used only on castings of brass or bronze. 

C. FITTINGS AND ACCESSORIES 

1. Fittings. All fittings, plugs, screws, nuts, caps, washers, and 
gauges (provided to facilitate inspection, lubrication, and cleaning 
of bearings and housings) shall have corrosion-resistant surfaces 
and shall have no exposed threads when installed. Plugs shall be 
fitted tightly against shoulders. (Grease cups of the screw-down 
pressure type are not acceptable.) 

2. Conduit Terminal Boxes. Conduit terminal boxes,- if used, 
shall have smooth external surfaces, shall be of such shape as to 
permit easy cleaning, and shall have no concave or flat horizontal 
surfaces that might permit accumulation of liquid or dirt. 

Conduit terminal boxes shall either (1) fit tightly against the 
motor frame so that no open crack or crevice is formed, or (2) 
shall be mounted so that the back of the box shall be not less than 
% in. from the motor frame at any point to permit cleaning be¬ 
hind the box. The nipple or spacer between the terminal box and 
frame shall have no exposed threads. 

D. NAMEPLATES 

Motors shall bear a nameplate of corrosion-resistant material 
with nameplate data called for by the NEMA Motor and Gen¬ 
erator Standards. Nameplate data shall be permanently readable. 
The nameplate shall fit the frame and be attached to eliminate 
cracks and crevices. 

Figure 9 shows the exterior construction of a motor that meets the 
3A Standards. 


Motor Management. Motor management consists principally of 
making certain that the motor is fitted to the job, that it is used on 
the proper circuit, has proper lubrication, is well ventilated, has suit- 
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able overload and low-voltage protection, and is protected from mois¬ 
ture. Too much lubrication or use of the wrong oil may cause trouble. 
It is important that the motor be well ventilated and, if possible, set 
where water will not be splashed upon it, unless it is of the splash- 
proof type. All motors used in dairy plants, where they are likely 
to have water splashed upon them, should be of the latest splash- 
proof type or totally enclosed construction. One of the highly essential 
requirements is for proper overload and low-voltage protection. The 
practice of using oversize fuses and shorting across fuse blocks can¬ 
not be too strongly condemned. The operator is advised to obtain 

4 

a copy of the local electrical regulations and the recommendations of 
the motor manufacturer, and follow them if best results are to be 
obtained.* 



Courtesy of Lou is Allis Co. 

Fig. 9. The 3A Sanitary Motor. 

Regular, periodic inspection and lubrication of motors is prac¬ 
ticed by most large well-managed concerns and will be found eco¬ 
nomical in the long run. See Chapter XIX for details of motor 

lubrication. 

It is important that a plant have on hand spare motors for impor¬ 
tant machines and drives. It is usually possible to analyze the range 

o motors in a plant and by stocking a few standard sizes be able to 
&ke care of most any requirement. 

See Table IX for motor speeds. 
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Burned-out motors are usually caused by one of the following 
conditions: 

1. Motor not properly fused or protected by overload relays. 

2. Three- or two-phase motor operating on one phase only. 

Motor usually becomes badly overheated and makes a loud hum¬ 
ming sound. 

3. Lack of lubrication. 

4. Lack of ventilation. 

5. Overload—indicated by overheating and some reduction in 

speed. 

6. Winding not. protected from moisture. 

7. Low voltage. 

Motors and all electrical equipment should be “grounded” either 
by a special ground wire or by connections to a metallic pipe or to 
a part of the machine which in turn is adequately grounded. Failure 
to do this may result in fatal electric shocks. 

The Trouble Light. A simple device for locating blown fuses or 
testing for the presence of electricity is known as the trouble light. 
This consists of a weatherproof lamp socket having two short leads and 
a 220-volt bulb. 

The two terminals of the socket can be touched to the connections 
in question, and if voltage is present across the terminals the lamp 
w'ill light. 

Motor-Starting Equipment. Motor-starting equipment has been 

developed to a high degree, and most alternating-current motors of 

less than 50 horsepower can be started under full line voltage and are 

called “across-the-line” starting motors. The recommendations of the 

# 

motor manufacturer should always be followed. 

The principal features of a good motor starter are: overload relays, 
which open the circuit when the motor load becomes too heavy; low- 
voltage release, which disconnects the switch in case of power failure, 
and renewable contact points. It is possible to obtain switches of 
waterproof type, and these should always be used if there is danger of 
water getting on the switch. 

All wires leading to dairy equipment should be in rigid metal 
conduit with gaskets on all covers. The parts should be so placed 
that any water getting into them will drain out and not collect in a 
pocket as in pipes set in concrete floors with bends leading up on 

each end. 

Circuit Breakers for Electrical Equipment. An important factor in 
the successful and trouble- free-operation of electrical motors and other 
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equipment is that of the type of switches and circuit-breaker equip¬ 
ment used. The conditions of high moisture and the occasional pres¬ 
ence of corroding vapors in the dairy plant makes the service more than 
ordinarily severe, and in some plants an effort is made to mount the 
switches and circuit breakers outside the main processing room. This 
not only protects the equipment from moisture and vapors but also 
makes the room easier to keep clean and more attractive. 

In all cases the circuit breakers should be of a waterproof type and, 
if possible, of the pushbutton-operated type. Good motor-control 
equipment for small- and medium-sized motors should be of the so- 
called magnetic type in which the waterproof pushbutton station may 
be located on the machine and operate the switch through a remote- 
control system. This type arrangement has the advantage of no load 
release; that is, in case the power should fail, the motor will not come 
on again until the switch button is pressed. It also contains the so- 
called low-voltage release provision whereby if the voltage for some 
reason drops below a predetermined point the switch will automatically 
open and stop the machine. Most motor-control equipment has over¬ 
load relays that can be set to open the circuit in case the motor load 
becomes too heavy. 

The thermal overload relays must be sized according to the load 
on the motor and the size of the motor; and, when they have opened 
the circuit, they may usually be reset within a minute or so by hand. 

The motor starter or switch should always be supplied with a set 

of standard fuses in the line, which serves as an auxiliary safety factor 
in case the relays do not function. 

Fuses. There are two principal types of fuses. One of these is the 
simple plug-type fuse, which screws into a socket similar to that of 
the ordinary household installation. The second is the so-called 
cartridge-type fuse, which is used in connection with spring clips into 
which they fit. The cartridge-type fuses are made in the single-use 
type and those with renewable links. Particularly in the larger sizes, 
the renewable-link-type fuse offers considerable economy. 

It is particularly to be noted that fuses of the proper size as de¬ 
termined by a competent electrical engineer should be used. The 
practice of using pennies, nails, or’ wires to bridge across fuses when 

tiey have burned out is very dangerous and should not be permitted 
under any circumstances. 

In most modern plants the so-called safety-type fuse installation 
is employed, in which it is impossible for the operator to touch the 
ive parts of the fuse and circuit when replacing fuses. Most of these 
use installations have the fuse attached to a removable bakelite or 
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fiber plate, which serves to protect the operator while the fuse is being 
changed. With ordinary unprotected fuses, it is essential that the 
fuse be replaced only after the circuit has been killed; otherwise there 
is great danger of an individual obtaining a severe shock. 

Wiring. It is generally agreed that the best wiring and voltage 
set-up for the average milk plant is a 110-volt three-wire system'for 
the lighting circuits and a 220-volt three-phase circuit for power cir¬ 
cuits; 440 volts should not be used around dairy plants except in the 
engine room or in dry places, on account of danger from shock under 
the moist conditions found in the dairy. In connection with large 
motors and heating systems, however, under the guidance of a com¬ 
petent engineer, it is advisable to consider the use of 440 or even as 
much as 3,300 volts for certain systems, which would save on the cost 
of installation and on energy. 

All equipment should be thoroughly grounded wherever 'there is 
danger of an electric short or ground. Only the best quality of heavy, 
rubber-covered electric cable should be used for portable units, and 
this cord should contain one ground line so that the equipment attached 
to the flexible cord will be satisfactorily grounded at all times. 

The size of wire used in an electric wiring system is of great im¬ 
portance. Table X shows the carrying capacity of various sizes of 
wire. A competent electrical engineer should figure out the wiring 
system for the dairy plant, and he should provide sufficient load-carry¬ 
ing capacity for any foreseeable future expansion. Only the best 
quality of moisture-resistant insulated wire should be used in a milk 
plant. 

Many dairy plants make use of special electrically operated control 
equipment for signaling and indicating the height or level of liquids in 
tanks, for controlling temperatures, and for other special purposes. 
Electrically controlled equipment is advantageous in that it may be 
operated through remote control for distances of many feet with perfect 
satisfaction. 

Electrical Heating. Electricity is often used for heating in special 
processes (see sterilizers, Chapter XV). It is very convenient and sani¬ 
tary, but the cost of electric energy is usually too great at the present 
time to allow its use for general processing; however, should electric 
energy rates become low enough, it would undoubtedly be widely 
used for general heating. The overall heating efficiency of electrical 
heating units approaches 100 per cent; if this and various other sav¬ 
ings are considered, the actual overall cost of heating with electricity 
often may not be greater than by other methods. 
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TABLE X 

Carrying Capacity of Wires 
(National Electric Code) 

The following table, showing the allowable carrying capacity of copper wires 
and cables of 98 per cent conductivity, is according to the standard adopted by the 
American Institute of Electrical Engineers, to be followed in placing interior con¬ 
ductors. 

(For insulated aluminum wire, the safe carrying capacity is 84 per cent of that 
given in the following tables for copper wire with the same kind of insulation.) 


B. & S. 
Gauge 

Rubber 

Insulation, 

amperes 

Other 

Insulations, 

amperes 

18 

3 

5 

16 j 

6 

8 

14 

12 

16 

12 

17 

23 

10 

24 

32 

8 

33 

46 

6 

46 

65 

5 

54 

77 

4 

65 

92 

3 

76 

110 

2 

90 

131 

1 

107 

156 

0 

127 

185 

00 

150 

220 

000 

177 

262 

0000 

210 

312 


The lower limit is specified for rubber-covered wires to prevent gradual deterioration of the high 
insulations by the heat of the wires, but not from fear of igniting the insulation. The question of drop 
is not taken into consideration in the above tables. 

The carrying capacity for No. 16 and No. 18 B. & S, gauge wire iB given, but no smaller than No. 14 
is to be used. 

The heat equivalent of electricity is 3,412 B.t.u. per kw-hr. Thus, 
if it is desired to heat 100 gallons of water from 70° F. to 180° F., the 
electric energy required will be 


100 X 8.34 X (180 - 70) 

3,412 


26.9 kw-hr. 


Numerous types of heaters have been developed, of which Fig. 10 
shows an immersion heater and also a strip heater. The immersion 
heater may be submerged in the water; the strip heater is strapped 
on the outside of the tank to be heated or can be used for heating air. 
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ELECTRICAL POWER AND EQUIPMENT 

Electrical Control. Electrical control equipment has been devel¬ 
oped to a high state of perfection. Electrical thermostat controls are 
available which control an electrically operated valve by means of 



Fig. 10(g) find (b). Common Typos of Immersion Heaters. 



Courtesy of the Oeneral Electric Co. 

Fig. 10 (c). The “Strip” Heater. 


which a pasteurizer is made to heat the milk automatically to the 
proper point, then hold it at that temperature for a definite period. 
Automatic refrigeration controls are also highly developed. Elec¬ 
trical control in many instances is much more accurate than hand 
control at its best. 

Electric Power Costs and Management. Power rates vary so 
much in different localities that few generalizations can be made, but 
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it is safe to say that a careful operator can save money by cooperat¬ 
ing with the power company to make his load as uniform as possible 
and keeping his total connected load as small as possible for the 
amount of energy used. 

Most power companies base their charges on the amount of energy 
used and the maximum rate at which the energy is used. They also 
make a charge for the mere service of being connected to the equip¬ 
ment. The first is the energy charge; the second is the demand 
charge; and the third is the so-called stand-by or service charge. 

Savings can oftentimes be made by making use of power at “off- 
peak” periods of the day by special arrangement. 

In many localities the rates are figured for the month on the basis 
of the “greatest demand” during any 15-minute period, as measured 
by the maximum demand meter. It is usually possible so to regulate 

the starting of heavy loads that they are spread out over the day in 
order to keep this “maximum demand” as low as possible. 

For those plants which do not have good power service at reason¬ 
able rates, it is now possible to obtain Diesel-powered generator units 

such as that shown in Fig. 11, which are being used in numerous dairy 
plants. 

Many plants which have use for exhaust steam find it economical 
to generate their own electricity by means of steam power. This is 
especially true in condensed- and evaporated-milk plants where large 
quantities of steam are required for operating evaporators. The 
electric power then becomes principally a by-product which can be 
produced at very low cost. 

Sterilizing with Light. A development of interest is the “Sterilamp” 
of the Westinghouse Company. This lamp is claimed to be of particu¬ 
lar value in sterilizing drinking glasses and the like, or any surface 

which can be exposed to the light. 

Lighting for the Dairy Plant. The selection of the proper type 

of reflecting and diffusing equipment is more important today than 

it has been at any time in the history of illumination. In the early 

# * 

days of electric lighting a reflector was largely a device for improving 
efficiency, because of the necessity of conserving light from the small 
low-wattage lamps then employed. Today’s light sources, however, 
have outgrown the old-type reflector, and we are in an era of lighting 
advancement calling not only for intelligent selection of equipment 
for efficiency, but also for diffusion, direction, and control suited to 

the task. 

Several fundamentals of performance are usually considered by 
the experienced engineer in the choice of types of units, namely: 



ELECTRICAL POWER AND EQUIPMENT •*' 

1. Desirable distribution of light and suitability for the par¬ 
ticular interior involved. 

2. Efficiency of light output. 

3. Inherent maintenance of initial efficiency and ease of peri¬ 
odic cleaning and lamp replacement. 

4. Adaptability to use of larger lamp should more light be 

required. 

5. Sturdiness of construction. 

6. Cost. 


An ill umin ation of 20 foot-candles is usually recommended for 
dairy plants.* 

The RLM Standard Dome Reflector. This is the standard por¬ 
celain-enameled steel reflector which meets many of the general light¬ 
ing requirements of industry. It is the standardized product of a 
large number of manufacturers. For general lighting purposes it is 
recommended that white-bowl lamps be employed with these reflec¬ 
tors. However, it is practicable to use inside-frosted lamps in loca¬ 
tions where the mounting height is above 20 feet. In dusty or smoky 
locations, a glass cover plate should be employed to keep the reflect¬ 
ing surface clean. 

The Silvered-Bowl Diffuser. This luminaire combines the effi¬ 
ciency and ease of maintenance of the RLM standard dome reflector 
with the low brightness of the glassteel diffuser. It consists of a 
porcelain-enameled steel reflector, equipped with a semi-diffusing Alzak 
aluminum insert. The Alzak aluminum insert makes possible a 
more even distribution of illumination than has heretofore been pos¬ 
sible with porcelain-enameled luminaires. 

The unit is designed for and must be used with a silvered-bowl 
lamp. It is extremely comfortable to look at, particularly at the 
angles where direct glare is ordinarily most noticeable. Because of 


the aluminum insert, it does not provide the same degree of diffusion 

as the glassteel diffuser, and therefore reflected glare and shadows are 
more pronounced. 

The Glassteel Diffuser, Fig. 12. This is a porcelain-enameled 
steel reflector fitted with an opal-glass diffusing globe which com¬ 
pletely encloses the lamp. This globe becomes in effect the light 

source and, being so much larger in size than the incandescent lamp 
itself, gives a much softer, more diffused light. Openings in the top 

of the reflector allow a small amount (approximately 6 per cent) of 

the light to illuminate the ceiling, giving the room a cheerful, pleasant 

appearance. Either clear or inside-frosted lamps may be used. Color- 

* See Chapter XX for details on milk-plant illumination standards. 
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correcting globes are available in place of the standard opal globe 
where a whiter light is desired. Glassteel diffusers provide a high 
quality of illumination without excessive brightness, harsh shadows, 
or direct or reflected glare. 



Courtesy of the Caterpillar Tractor Co • 

Fig. 11 . A Diesel Electric Generating Unit Such as Is Used in Dairy Plants. 


The Vapor-Proof Lighting Fixture. This type of lighting equip¬ 
ment can be obtained and is recommended in rooms of extremely high 
humidity and where corrosive or explosive vapors are encountered. 
The bulb and connections are completely enclosed so that they are 
water tight. 
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Fluorescent Lighting. Florence of Michigan State College states 
that fluorescent lighting has many advantages. The efficiency is about 
2% times that of ordinary Mazda lamps. The light source is large, 
giving soft illumination and less glare. It is relatively cool, and the 
replacement cost is about the same as for incandescent lights. The 
first cost of fixtures, however, for the fluorescent lamps usually runs 
from two to three times as much as for the incandescent type. 



Fra. 12. The Glassteel Diffuser Is Widely Used in Dairy Plants. 

The life of the fluorescent lamp depends principally upon the 
number of starts. It is estimated that, normally considering two starts 
per day, a lamp should last about 2,500 to 4,000 hours. 

The mounting height is generally not less than 10 to 12 feet for good 
overall illumination. 




2 WW iS A 6 COmmonl y wed of rate of flow of electric current? 
force? commonly used unit of electric pressure or electromotive 

3. What is an electric conductor? 

4. What is an insulator? 

rent?' ^ ^ COmmonl > r used umt of resistance to the flow of electric cur- 

Of !!' M hat - S the e£fect 0Q the resistance of a conductor of doubling its length? 
Of doubling its cross-sectional area? g lts length? 

8 Wh!t ^ S 6 relations , hi P between amperes, volts, and ohms? 

q m l 1S the commonI y used unit of electric power? 

10 T, th 13 t ^ e reIationship between amperes, volts, and watts? 

10. Is the watt-hour a unit of power or energy? 
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11 . What is the relationship between watts and horsepower? 

12 . What is the difference between direct and alternating current? 

13. What is meant by the term cycle as applied to electric circuits? 

14. What is meant by the term phase as applied to electric circuits? 

15. What is the principal advantage of alternating current? 

16. What are the principal advantages of three-phase systems? 

17. What are the advantages of direct current? 

18. What is the function of an overload relay? 

19. What is the function of fuses in electric circuits? 

20 . What are the possible synchronous speeds of induction motors operating 
on 60-cycle current? 

21 . Which of the motors below have high starting torque? Which of them 

have (approximately) constant speed? Under what conditions is each commonly 
used? 

a. Squirrel-cage, three-phase, alternating-current, 

b. Wound-rotor or slip-ring, three-phase, alternating-current. 

c. Series-wound, single-phase, alternating-current, 

d. Repulsion-start, induction-run, single-phase, alternating-current. 

e. Split-phase, single-phase, alternating-current. 

/. Capacitor, single-phase, alternating-current. 

22 . Why are motors and switch boxes usually grounded? 

23. What are the indications of an overloaded motor? 

24. Show by a sketch how a trouble lamp may be used to locate a burned- 
out fuse, or the grounded line of single-phase circuit, 

25. What is a geared head motor? 

26. What is electric conduit? 

27. Describe “single phasing” of a three-phase electric motor; why is it likely 
to cause a motor to burn out? 

28. Approximately how much current will be required by a 50-watt 110-volt 
lamp? 

29. If a 5-hp. 3-phase electric motor is 80 per cent efficient, how many watts 

of electric power will it require at rated load? 

30. If it is a single-phase motor, approximately how many amperes of current 
will it require on a 220-volt circuit? What size wire will be required? 

31. How many B.t.u. of heat are obtained from 1 kw-hr. of electricity? 

32. Find the cost of heating 15 gallons of water from 45° to 180° F. with elec¬ 
tricity at 4^ per kw-hr. 

33. What is an immersion heater? 

34. What is power factor? Why is it important? 

35. What is the principle of the fuse ? 

36. Describe the RLM reflector lighting fixture. 

37 . What degree of illumination in foot-candles is recommended for dairy 
plants? 
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HYDRAULICS AND PUMPING 


Transfer of liquids and gases is a most common need in the dairy 
plant. This involves many pumping problems, since gravity cannot 
always be utilized. Pipe lines and pumps save much labor, and the 
proper solution of pumping problems is necessary for plant efficiency. 

Definition of Terms. The following terms are frequently used in 
connection with pumping problems. 

Pressure is defined as the force acting as a unit area; for example, 
a pressure of 40 pounds per square inch means that a normal force 
of 40 pounds is being exerted on every square inch of the surface. 
•Pounds per square inch is the common unit of pressure, but other 
units such as grams per square centimeter may be used. 

Gauge 'pressure is the term meaning pressure above atmospheric; 
for example, if a boiler has steam at 100 pounds per square inch 
gauge pressure it means that the steam is exerting a pressure of 100 

pounds per square inch greater than atmospheric pressure against the 
container walls. 


Vacuum is the term applied to space which is void of matter; for 
example a container from which all air, gas, liquids, and solids have 
been extracted is said to have a vacuum. In practice, any substance 
in a container exerting less than atmospheric pressure is considered 
to have a degree of vacuum, the degree being measured in inches of 
mercury. A perfect vacuum at sea level will support a column of 
mercury 30 inches high at 62° F. It will also support a column of 

water 33.947 feet high at 62° F.; it will develop a negative pressure 
of 14.7 pounds at sea level. 

Absolute pressure is that measured above a perfect vacuum. It 
is gauge pressure plus atmospheric pressure. At sea level the absolute 
pressure on a boiler having steam at 100 pounds per square inch 
gauge pressure is 100 plus 14.7 or 114.7 pounds absolute pressure. 

The term head as used in pump problems has various meanings. 
If the pressure of a fluid be changed to its equivalent height in feet 
of water, there results what is called pressure head. A pressure in 
pounds per square inch when multiplied by 2.31 which is the feet-of- 
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TABLE XII 

Boiling Points of Liquids (Degrees Centigrade) at Atmospheric Pressure 

AND UNDER VARIOUS DEGREES OF VACUUM 


Liquid 

Atmospheric 

Pressure 

Vacuum 

20.7 Inches 

24 Inches 

28 Inches 

29 Inches 

Water 

100 

70 

60.3 

38.4 

14.87 

Alcohol 

78.2 

51 

42 

24 

-3.1 

Ether 

35 

5 

-5 

-25 

-55 

Glycerin 

290 

252.5 

240 

215 

177.5 

Mercury 

357.25 

297.25 

277.25 

237.25 

177.25 


water equivalent to 1 pound per square inch changes the pressure 
to pressure head. The vertical distance a fluid is above a reference 
level is called its static head. A fluid flowing at some velocity has 
energy due to this velocity equivalent to its velocity head given by the 
formula V.H. = F 2 /64.4, where F is the velocity in feet per second 
and V.H. = velocity head in feet. See Table XVII. 

Classes of Pumping. Much of the pumping in a dairy plant is 
of the general-purpose type such as that for water, air, ammonia or 

brine. 

TABLE XIII 
Barometric Data 

1 standard atmosphere (by definition) = 760 mm. of mercury at 0° C. — 
29.921 in. mercury at 32° F. = 30.000 in. mercury at 58.4° F. — 33.90 ft. water at 
32° F.= 14.696 lb. per sq. in. 


Pressure Conversion Factors at 32° F. 



Inches 
Merc ury 

Feet 

Water 

Pounds per 
Square Inch 

Atmospheres 

Inches mercury 

1 i 

1.133 

0.491 

0.0334 

Feet water 

0.8827 

1 

0.434 

0.0295 

Pounds per square inch 

2.037 1 

2.308 

1 

0.0680 


Approximate temperature correction factor for height of a mercury column — 
0.0001 per degree Fahrenheit. 

Example. Barometer reads 30.00 in. at 80° F. To correct reading to 58.4 F. 
Correction = 0.0001 X 30 X (80 - 58.4) = 0.0648 in. Reading at 58.4° F. = 30.00 
in. + 0.065 in. = 30.065 in. 
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Valve 

closed 


Valve 

open 


Piston 


Suction Stroke 


In 


et 


Valve 

open 


Valve 

closed 


t 


Piston 


Discharge Stroke 


The handling of milk and its 
products directly, however, calls 
for pumps of special design, first, 
to make them sanitary so they 
can be readily cleaned, and, sec¬ 
ond, to minimize foaming or 
churning tendencies. 

A third type of pumping is 
high-pressure work such as is 
found in the homogenizer which 
operates at pressures of 1,000 
pounds per square inch to 3,000 
pounds per square inch pressure. 

(See Chapter XII.) 

Types of Pumps. The general 
classification divides pumps into 
two basic types: first, the positive 
displacement type, such as a piston or a gear-type pump, which ejects 
a practically constant amount of fluid irrespective of pressure, and 
which will build up a bursting pressure or stall the motor in case the 
discharge line is closed; second, the non-positive type, such as the 
centrifugal, which is a relatively low-pressure pump in which the dis¬ 
charge valve can be closed without building up excessive pressures. 

The output of a pump of this type decreases as the pressure increases 
at constant pump speed. 

The piston-type pump is a positive displacement pump in which 
the piston is usually moved by a steam piston or a motor drive 
through a crank and connecting rod. (See Fig. 13.) 


Fio. 13. The Valve and Piston Action 
of a Piston-Type Pump on Both the 
Suction and Discharge Strokes. 


The advantages of this pump are that it will pump against high 
pressure without serious loss of capacity, it has practically no leakage 
or slippage, it does not need priming, and it lasts well, being slow 
in speed and its wearing parts being easily replaced. 

The disadvantages are that it gives a pulsating pressure, and it 
has valves and stuffing boxes to keep in repair. 

The centrifugal pump, see Fig. 14, has a rotating impeller or disk 
with veins or ribs, operating inside a casing having a volute shape or 
fitted with diffuser veins. This type of pump is essentially a high¬ 
speed apparatus and is usually direct connected to an electric motor. 

The advantages of this pump are that it is very simple, has no' 
valves, will not build up dangerous pressures, and can be direct con¬ 
nected to an electric motor. It is well adapted for use on low head 
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work and where there would be danger of building up excessive pres¬ 
sures if discharge line valves were shut off. It gives a steady non¬ 
pulsating pressure. 


Discharge 



Fig. 14. Open-Type Impeller for Centrifugal Pump. 

The open-impeller-type centrifugal pump illustrated above consists of a suction 

pipe connection A, which leads the fluid into the center of the rotating impeller B. 

The curved vanes O pick up the fluid, move it in a spiral path, and rotate it rapidly, 

* 

moving it from D into the case E, from where it passes to the discharge connection F. 
Many variations of this design are used in practice. 



Enclosed Impeller Open Impeller 


Fig. 15. Enclosed- and Open-Type Impellers for Centrifugal Pumps. 

Note that the enclosed impeller has hollow passages which carry the fluid in a 
confined passage from the center of the impeller to the periphery. 

The disadvantages are that it has a tendency to “churn the 
liquid,” it will not give high pressure in a single stage, it is not self¬ 
priming, air leaks on the suction side cause much trouble, and its 
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efficiency is usually low unless designed for the job. Figure 16 shows 
typical efficiencies of centrifugal pumps. Figure 17 shows the effect 
of water temperature on the suction lift obtainable with centrifugal 



Gallons per Minute 

Courtesy of the Gould Pump Co, 


Fig. 16. Efficiency of Centrifugal Pumps. 



Fig. 17. 

Chart showing the effect of water temperature upon the possible suction lift which 

can be obtained with various types of pumps. The results will be practically the same 
when pumping milk. 


and positive pumps. Note that higher temperatures greatly reduce 
the possible lift. 
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Rotary pumps, such as the Viking and Waukesha, are of the 
positive type and have the same general characteristics as the piston- 
type pumps except that they give a more uniform flow. They depend 
upon close mechanical fits for their efiBciency. Figure 18 shows a 
common type of rotary pump which is used widely in the dairy in- 



Courtesy of the Viking Pump Co. 

Fig. 18. The Rotary Pump. 

This pump may be operated in either direction, thereby reversing the inlet and 
outlet connections. In operation, the teeth of the two gears separate on the suction 
side, thus drawing in the fluid, as in the suction stroke of a piston pump. The dis¬ 
charge is accomplished by the gear teeth coming together again and displacing the 
fluid, thus positively forcing it out of the pump. Each revolution of the pump handles 
a definite amount of fluid. 

dustry. Note that the gear teeth act as small pistons to carry the 
fluid through the pump. 

The advantages of this type of pump are that they have a good 
efficiency when tight, are simple in construction, are self-priming, will 
work against variable heads without greatly affecting the output, and 

can be direct connected to motors. 

The disadvantages are principally that they do not last as long 
as the other two types mentioned, owing to wear of the rotary parts. 
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Sanitary P um ps. All three kinds of pumps mentioned above are 
made in the sanitary type, i.e., are so made that the impellers, gears, 
or pistons can be easily removed for cleaning, thus making them 
adaptable for handling dairy and food products. The pump may 

be fitted with a friction seal, see Figs. 19 and 20, instead of packing, 
and the body and rotors of the pumps are made of white metal, 

bronze, or stainless steel. The pump housing is fitted with sanitary 
pipe connections. 



Courtesy of the Creamery Package Mfg, Co. 


Fig. 19. A Modern Sanitary-Type Centrifugal Pump. 


3A Standards for Centrifugal- and Positive-Rotary-Type Pumps. 

Certain standards as given below have been adopted by the Inter¬ 
national Association of Milk Sanitarians, the U. S. Public Health 
Service, and the Dairy Industry Committee. They cover some types 
of sanitary pumps and are of interest from the standpoint of the cur¬ 
rently preferred design. 

A. MATERIAL 

1. All metal pump parts having any surface in contact with the 
product shall be constructed of dairy metal consisting of stainless 
steel, nickel alloy, or equally corrosion-resistant material that is 
non-toxic and non-absorbent. 

a. All milk-contact surfaces shall be finished to an equiva¬ 
lent of not less than 120 grit finish properly applied. 

b. All outside surfaces shall be smooth and easily cleanable. 

2. Exteriors of structural parts not in contact with the product 
shall be of corrosion-resistant material with a smooth finish - or 

J v* 
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shall be rendered corrosion resistant or painted, and shall be so 
constructed as to be easily cleanable. 



Courtesy of the Waukesha Foundry Co. 

Fig. 20. Sanitary Positive-Type Pump. 


B . CONSTRUCTION 

1* All milk-contact surfaces shall be readily removable or ac¬ 
cessible for cleaning and inspection. All exterior surfaces shall be 
self-draining. 

2. The parts forming the space between the motor and the pump 
body shall be constructed in such a way that they are easily ac¬ 
cessible for cleaning and drain freely. 

3. If legs are used, they shall be smooth with rounded ends and 
no exposed threads. Legs made of hollow stock shall be sealed. 
On pumps with legs designed to be fixed on the floor the minimum 
clearance between the lowest part of the base and the floor shall 
be 4 inches. 

а. Readily portable pumps not permanently attached may 
have leg heights of 2 inches. (Readily portable pumps are 
defined as those having a base area of not more than 1 square 
foot, or, in the case of motor-mounted pumps, an area encom¬ 
passed by the legs that does not exceed 1 square foot.) 

б. Bases when used shall be constructed without ribs or 
flanges and shall have smooth top and bottom surfaces. 

4. Pumps that because of their size and type cannot be mounted 
on legs shall be mounted on a base designed for grouting and se'aling. 
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5 . The driving means between the impeller or rotor and the 
pump shaft shall be so arranged as not to form a pocket or crevice 
that is not readily cleanable. 

6 . Threads shall not be in contact with the product. (Until 
January 1, 1949, manufacture of 3A Standard pumps with threads 
in the milk zone shall be permitted when open-type nuts are used.) 

7. All surfaces in contact with the product shall have smooth, 
rounded corners and shall be readily accessible for cleaning. 

C. OPENINGS 

1 . Inlets and outlets shall conform with the 3A Sanitary Stand¬ 
ards for fittings. 

D. SHAFT SEAL 

1 . Seal shall be of the sanitary type, easily removable for in¬ 
spection and cleaning, and shall be constructed of material not 
injurious to milk. 

E. GASKETS 

1 . Single-service gaskets of the sanitary type or removable 
rubber type gaskets that can be easily cleaned shall be used. 

F. MOUNTINGS 

1 . Mountings of motor, pump, and drive shall be of sanitary 
construction and shall either be sealed to the base or mounted 
to permit easy cleaning with minimum clearance of not less than 
1 inch. 

G. SEALING 

1 . Timing pumps used in connection with high-temperature 
short-time pasteurizing equipment shall be provided with an easily 
•accessible or externally visible seal or seals to limit the maximum 
capacity of the pump. The seal or seals shall prevent changing the 
maximum speed of the pump, either by adjustment of the drive or 
replacement of pulleys or belt. 

Figures 19 and 20 illustrate pumps that incorporate the 3 A 
Standards features. 


FIGURING PUMPING PROBLEMS 

Definitions 

Suction lift exists when the source of supply is below the center line 
of the pump. 
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Static suction lift is the vertical distance in feet from the center line 
of the pump to the free level of the liquid to be pumped. 

Total dynamic suction lift is the vertical distance in feet from the 
center line of the pump to the free level of the liquid to be pumped, 
plus velocity head, plus all friction losses in the suction pipe and fittings. 

Total dynamic suction lift, as determined on test, is reading of 

mercury column or vacuum gauge connected to suction nozzle of pump, 

plus vertical distance between point of attachment of mercury column 

to center of pump, plus head of water resting on mercury column, if 
any. 

Suction head exists when the source of supply is above the center 
line of the pump. 

Static suction head is the vertical distance in feet from the center 
line of the pump to the free level of the liquid to be pumped. 

Total dynamic suction head is the vertical distance in feet from the 
center line of the pump to the free level of the liquid to be pumped, 
minus velocity head, and minus all friction losses in suction pipe and 
fittings. 

Total dynamic suction head, as determined by test, is reading of 
gauge connected to suction nozzle of pump, minus vertical distance 
from center of gauge to center of line pump. Suction head,-after various 
losses are deducted, may be a negative quantity, in which case a con¬ 
dition equivalent to suction lift will prevail. 

Total static head is the vertical distance in feet between the free 
level of the source of supply and the point of free discharge or to the 
level of the free surface of the discharge water. 

Total dynamic head is the vertical distance in feet between the free 
level of the source of supply and the point of free discharge or to the 
level of the free surface of the discharge water, plus velocity head and 
all friction losses. 

Total dynamic head, as determined on test, where suction lift exists, 
is reading of mercury column or vacuum gauge connected to suction 
nozzle of pump, plus reading of pressure gauge connected to discharge 
nozzle of pump, plus vertical distance between point of attachment of 
mercury column and center of gauge, plus excess, if any, of velocity 
head of discharge over velocity head of suction as measured at points 
where instruments are attached, plus head of water resting on mercury 
column, if any. 

Total dynamic head, as determined on test, where suction head 
exists, is reading of gauge attached to discharge nozzle of pump, minus 
reading of gauge connected to suction nozzle of pump, plus or minus 
vertical distance between centers of gauges (depending on whether 

JuKima & Kashmir University Library 
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suction gauge is below or above discharge gauge), plus excess, if any, 
of velocity head of discharge over velocity head of suction as measured 

at points where instruments are attached. 

Velocity head, sometimes called the head due to velocity, is the 

equivalent head in feet through which the water would have to fall to 
acquire the same velocity, or, in other words, the head necessary to 
accelerate the water. Table XVII shows the foot head equivalent of 

different water velocities and pressures. 

The velocity head is ordinarily neglected in small pumps. If the 
suction and discharge openings of the pump are of different sizes, 
Velocity head = Velocity-head discharge minus Velocity-head suction. 

0.408 X G.p.m. 


where D = pipe diameter in inches; V — head in feet. 

Friction of Pipe and Fittings. Careful tests have shown that cer¬ 
tain sizes of pipes and fittings have certain resistance to flow of water, 
and this may be reduced to an equivalent in feet head, as shown in 
Tables XIV and XV. These values for pipes and fittings may be used 
in pump calculations. 

Water horsepower is the net power actually used in moving the 
water, and does not include any loss in the motor and pump. 

Water horsepower is obtained from the formula 

W X head in feet 

Water hp. =- 

33,000 

Brake horsepower is the power actually delivered to the pump by 
the motor, and it includes the losses due to the inefficiency of the pump 
plus the net power actually used in moving the water. 

Brake horsepower is obtained from the formula 

Water hp. 

Brake hp. =-;-—-- 

Efficiency of pump 

Motor horsepower is the power delivered to the motor from the 
power line and is that for which the actual power and energy charges 
are made; it includes the losses due to inefficiency of the pump and 
the motor as well as the power required to actually move the water. 

Motor horsepower is obtained from the formula 

B.hp. 

Motor hp. =---- 

Efficiency of motor 
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where W = pounds of liquid pumped per minute; H = total dynamic 

head reduced to feet equivalent. It is the sum of suction head, discharge 
head, and velocity head. 


Motor hp. 


WXH 

E m X E p X 33,000 


Determination of Total Dynamic Head. This can be done in either 
of two ways: (1) it is the sum of the total static head plus the friction 
head as determined by reference to friction tables for pipes, Table 
XIV, and fittings, Table XV, plus velocity head; or (2) it can be de¬ 
termined by means of pressure gauges attached to the suction and 
discharge pipes close to the pump as follows: 

a. Dynamic discharge head in feet = Gauge reading X 2.31 -f Ver¬ 

tical distance from center 
of pump to center of gauge 
in feet 

b. Dynamic suction head or lift in feet = Pressure or vacuum-gauge 

reading reduced to feet 
head equivalent + Verti¬ 
cal distance in feet from 
center of gauge to center 
of pump 

c. Total dynamic head — Dynamic discharge head + 

Dynamic suction head 

Note: If the suction head is a positive value it must be subtracted 
rather than added to the dynamic discharge head in order to give the 
true total dynamic head. 


Simple Pump Calculations 

Problem. Find the horsepower required to pump 20 gal. per min. of water 
from a vat to an elevation. 25 ft. above the bottom of the vat and passing through 
25 ft. of vertical 1-in. pipe, one 1-in. elbow, and 15 ft. of horizontal pipe. Motor 
efficiency 80% and pump efficiency 50%. See Fig. 21 for hookup. 

Solution. 

Hd W X" 

1 E„. X E, X 33,000 

H — total dynamic head in feet. 

W = weight of water in pounds per minute. 

Em — efficiency of motor = 80%. 

E p = efficiency of pump = 50%. 

W = 20 X 8.34 = 166.8 lb. 

H = static head + friction head + velocity head. 
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Note: In small installations, velocity head is usually disregarded. 

Static head = vertical distance from water level in supply tank to 
discharge = 25 ft. 

Friction head—determined from tables. 


Feet 

Head 

Resistance of straight pipe = 15 + 25 = 40 ft. 1-in. pipe = 11.31 ft. 
Resistance of 1 elbow = 1 in. = 140 ft. 


Total Dynamic Head 


Total friction head 12.71 ft. 


Static head + friction head = 25 + 12.71 = 37.71 ft. 



166.8 X 37.71 
0.8 X 0.5 X 33,000 


0.47 


Note: The above formula is applicable to liquids other than water, since 
W is the weight of the fluid in pounds pumped per minute. The friction losses 
may be different, however, for other liquids. 



Fig. 21. Pump Hook-Up Showing Various Heads, Used in Calculation of Pump 

Problems. 


The capacity of positive displacement piston pumps: 


G.p.m. 


AXLXiy X E 
231 X 100 


A = area of piston in square inches. 

L = length of stroke in inches. 

N = number of discharge strokes per minute. 

E = volumetric efficiency in percentage. 

231 cu. in. = 1 gal. 
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TABLE XIV 

Friction of Water in Pipes 


Giving the velocity in feet per second, the friction head in feet, and friction loss 
in pounds pressure per square inch for each 100 feet in length of pipe, for different 
sizes of clean iron pipe discharging given quantities per minute. 


Gal¬ 

lons 

per 

Min¬ 

ute 

Veloc¬ 

ity, 

feet 

per 

second 

Friction 

Head, 

feet 

Friction 

Loss, 

pounds 

per 

square 

inch 

Veloc¬ 

ity, 

feet 

per 

second 

Friction 

Head, 

feet 

Friction 

Loss, 

pounds 

per 

square 

inch 

Veloc¬ 

ity, 

feet 

per 

second 

Friction 

Head, 

feet 

Friction 

Loss, 

pounds 

per 

square 

inch 






1" 



1H" 


* * # * 

5 

3.64 

7.59 

3.3 

2.04 

1.93 

6.84 

i.s 

0.71 

0.31 

10 

7.28 

29.90 

13.0 

4.08 

10.26 

3.16 

2.6 

2.41 

1.05 

15 

10.92 

66.01 

28.7 

6.12 

16.05 

6.98 

3.9 

5.47 

2.38 

20 

14.56 1 

115.92 

50.4 

8.16 

28.29 

12.30 ! 

5.2 

9.36 

4,07 

25 

18.2 

180.00 

78.0 

10.20 

43.70 

19.0 

6.5 

14,72 

6.4 

30 




12.24 

63.25 

27.5 

7.8 

21.04 

! 9.15 

35 


4" 


12.28 

85.10 

37.0 

9.1 

28.52 

j 12.4 

40 

i.04 

0.1383 

0.06 

10.32 

110.40 

48.0 

10.4 

37.03 

1 16.1 

45 


0 1615 

0.07 




11.7 

46.46 

20.2 

T U 

50 

1 3 

0 208 

0.09 


5" 


13. 1 

57.27 

24.9 

l/V 

60 

1.56 

0,3 

0.13 

0.88 

0.1156 

6.05 

15.6 

85.50 

37.0 

70 

1.82 

0.439 

0.19 

1.04 

0.162 

0.07 

18.2 

114.00 

49.3 

75 

1.95 

0.485 

0.21 

1.2 

0.174 

0.075 

19.5 

129.00 

i 56.1 

on 

o OR 

0 581 

0 23 

1 28 

0 185 

0.08 



l m p * p * 4 

8U 

90 

«• uo 

2.34 

v * vOl 

0.6 

0.26 

A * 

1.44 

0,208 

0.09 


6"' 

■ 4*414* 

100 

2.60 

0.763 

0.33 

1.6 

0.277 

0.12 

i.ii 1 

0.115 

0.05 

125 

3.25 

1.13 

0.49 

2. 

0.393 

0.17 

1.42 

0.161 

0.07 

150 

3.8 

1.59 

0.69 

2.4 

, 0.578 

0.25 

1.71 

0.231 

0.10 

175 

4.45 

2.146 

0.93 

1 2.8 

0.785 

0.34 

2. 

0.302 

0,13 

185 

4.7 

2.484 

1.075 

2.96 

0.84 

0.363 

2.11 

0.36 

0.1559 

200 

6.1 

2.82 

1.22 

3.2 

0.972 

0.42 

2.38 

0.393 

0.17 


i • * * 

5 

4 • • * * 

0.91 

| 

0.27 

0.12 

t 4 1 f , 

0.49 

10 

1.82 

1.08 

0.47 

0.98 

15 

2.73 

2.23 

0.97 

1.47 

20 

3.64 

3.81 

1.66 

2.04 

25 

4.55 

5.02 

2.62 

2.6 

30 

5.46 

8.62 

3.75 

3.03 

35 

6.37 

11.61 

5.05 

3.54 

40 

7.28 

14.99 

6.52 

4.05 

45 

8.19 

18.74 

8.15 

4.56 

50 

9.1 

23.0 

10.0 

5.1 

60 

10.92 

32.95 

14.25 

6.12 

70 

12.74 

44.6 

19.3 

7.14 

75 

13.65 

51.52 

22.4 

7.7 

80 

14.56 

68.45 

25.3 

8.16 

90 

16.38 

81.5 

35.25 

9.18 

100 


89.00 

39.0 

10.2 

125 


7" 


12.8 

150 



, * + 44* 

15.3 

4 4 4*4 

******** 




2" 



3" 


0.092 

0.277 

0.04 

0.12 




0.448 

4 0.046 

0.02 

0.577 

0.25 

0.672 

0.092 

0.04 

0.97 

0.42 

0.896 

0.138 

0.06 

1.43 

0.62 

1.12 1 

0.231 

0.10 

2.09 

0.91 

1.345 i 

0.30 

0.13 

2.76 

1.22 

1.569 

0.393 

0.17 

3.68 

1.60 

1.79 

0.53 

0.23 

4.60 

1.99 

2.016 

0.647 

0.28 

5.61 

2.44 

2.24 

0.80 

0.35 

8.88 

3.50 

2.688 

1.155 

0.50 

11.09 

4.80 

3.136 

1.385 

0.60 

12.23 

5.32 

3.360 

1.70 

0*75 

14.55 

6.30 

3,584 

2.08 

0.90 

18.02 

7.80 

4.032 

2.54 

1.10 

21.75 

34.27 

9.46 

14,9 

4.480 

5.6 

3.01 

4.57 

1.31 
1.99 

48.76 

21.2 

6.8 

6.55 

2 * 85 


TABLE XV 


Friction of Standard Pipe Fittings (Standard Iron Pipe Sizes) 


Equivalent length of straight pipe to 


be added for each fitting in figuring friction: 


Size of fittings 
Elbows 
Return bends 
Globe valves 


1 

4 


5 
10 

6 


1 

5 

10 

6 


6 

12 

7 


1 * 

7 

14 

8 


2 

2^ 

3 

4 

5 

6 

7 

10 

12 

18 

25 

30 

14 

20 

24 

36 

50 

60 

8 

12 

24 

30 

40 

50 


It' is advisable, unless the 
the above figures by 3 for %- 
fittings. 


burrs caused by cutting are reamed out, to multiply 
and 1-inch fittings, and by 2 for 1%-, 1 Vjt, and 2-inch 
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Note: Volumetric efficiency depends upon design, 
size of valves, Buction lift, and temperature of fluid, 
designed pump, it should be about 95 per cent. 


clearance at end of piston, 
For cold water in a well- 


A typical problem illustrating the above formula is as follows: 


Problem. Find the output in gallons per minute of a single-cylinder, 
single-acting plunger-type milk pump operating at 100 strokes per minute and 
having a volumetric efficiency of 95 per cent, a cylinder bore of 4 in., and a 

stroke of 6 in. 


Solution. 


A 

L 

N 

E 


(4) 2 .7854 

6 in. 

100 . 

95. 


„ A X L X N X E 

G.p.m. =-—— 

y 231 X 100 

12.36 sq. in. 


_ 12.36 X 6 X 100 X 95 

G.p.m. =- = 

231 X 100 


30.49 


The capacity of centrifugal pumps is usually figured on a discharge 
velocity of 10 feet per second. A simple formula for approximate 
calculations based on this is: 


G.p.m. = 98 B 2 

where B = radius of the discharge pipe of the pump in inches; for 
example, in a pump having a iy 2 -inch-diameter discharge pipe: 

G.p.m. = 98 (0.75) 2 = 98 (0.56) = 54.8 g.p.m. 


The characteristics of centrifugal pumps follow several basic laws 
as summarized below: 

V = V2gH 

where V = velocity in feet per second. 

g = acceleration of gravity = 32.2 feet. 

H = head in feet. 

This formula can also be written: 


2g 

In considering the centrifugal pump, the velocity V in the formula 
is the velocity of the outer periphery of the impeller. This can be 
readily calculated from the diameter of the impeller and its r.p.m 
is then possible to calculate the theoretical head against which the 
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pump will deliver water if there are no losses. The effect of various 
pump speeds and impeller diameters can also be determined. 

From this equation it can be shown that 

1. The head or ( H ) varies approximately as the square of 
the speed. 

2 . The quantity varies as the speed. 

3. The power varies as the cube of the speed. 

Performance curves should be obtained from the manufacturer 
for any pump which is to be used for a service where accurate per¬ 
formance data is necessary. 


TABLE XV-A 

Contents of Round Tanks in U. S. Gallons for Each Foot in Depth 

* 


Diameter, 

feet inches 

Gallons, 
Each 1 Foot 
in Depth 

Diameter, 

feet inches 

Gallons, 
Each 1 Foot 
in Depth 

Diameter, 

feet inches 

Gallons, 
Each 1 Foot 
in Depth 

1 

0 

5.8735 

6 

6 

248.1564 

18 

0 

1903.0254 

1 

3 

9.1766 

7 

0 

287.8032 

18 

6 

2010.2171 

1 

6 

13.2150 

7 

6 

330.3859 

21 

0 

2590.2290 

1 

9 

17.9870 

8 

0 

375.9062 

21 

6 I 

2715.0413 

2 

0 

23.4940 j 

8 

6 

424.3625 

! 22 

0 

2842.7910 

2 

3 

29.7340 

11 

0 

710.6977 

22 

6 

2973.4889 

2 

6 

36.7092 

11 

6 ! 

776.7746 

23 

0 

3107.1001 

2 

9 

44.4179 

12 

0 

848.1890 

23 

6 

3243.6595 

3 

0 

52.8618 

12 

6 

917.7395 

24 

0 

3383.1563 

3 

3 

62.0386 

13 

0 

992.6274 

24 

6 

3525.5929 

3 

6 

73.1504 

13 

6 

1070.4514 

25 

0 

3670.9596 

3 

9 

82.5959 

14 

0 

1151.2129 

25 

6 

3819.2657 

4 

3 

93.9754 

14 

6 

1234.9104 

26 

0 

3970.5098 

4 

6 

103.0300 

15 

0 

1321.5454 

26 

6 

4124.6898 

4 

9 

118.9386 

15 

6 

1407.5165 

27 

0 

4281.8072 

4 

8 

132.5209 

16 

0 

1503.6250 

27 

6 

4441.8607 

5 

0 

146.8384 

16 

6 

1599.0696 

28 

0 

4604.8517 

5 

6 

177.6740 

17 

0 

1697.4516 

28 

6 

4770.7787 

6 

0 

211.4472 

17 

6 

1798.7698 





Selection of Pumps. Pumps should be selected with the following 
points in mind: 

Material of the pump should be such that it will withstand pres¬ 
sures that will be encountered; also there must be no tendency to 
corrode or cause flavor changes in the product, if milk is to be handled. 

(See Chapter I.) 
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The type and design will be determined by the following con¬ 
siderations: whether a steady or pulsating pressure is desired; whether 
a positive or non-positive type pump is needed, and whether a sani¬ 
tary construction is necessary; the pressure needed; whether the 
pump must be self-priming. 

Care and Upkeep of Pumps. The care of pumps depends upon 
their type and construction; however, the stuffing box or packing is 
the principal problem in any pump. The recommendation of the 
pump manufacturer should be obtained on this point. In general, a 
graphited square flax packing is suitable for water and brine; com- 

TABLE XVI 
Hydraulic Equivalents 


Gallons per 
Minute 

Cubic Feet 
per Minute 

Gallons 
per Hour 

Gallons, 
24 Hours 

Barrels per Min¬ 
ute, 42-gal. barrel 

10 

1.3368 

600 

14,400 

0.24 

12 

1.6042 

720 

17,280 ; 

0.29 

15 

2.0052 

900 

21,600 

0.36 

18 

2.4063 

1,080 

25,920 1 

0.43 

20 

2.6733 

1,200 

28,800 

0.48 

25 

3.342 j 

1,500 

36,000 

0.59 

27 

3.609 

1,620 

38,880 

0.64 

30 

4.001 

1,800 

43,200 

0.71 

35 

4.678 

2,100 

50,400 

0.83 

36 

4.812 

2,160 

51,840 

0.86 

40 

5.348 

2,400 

57,600 

0.95 

45 

6.015 

2,700 

64,800 

1.07 

50 

6.684 

3,000 

72,000 

1.19 

60 

8.021 

3,600 

86,400 

1.43 

70 

9.357 

4,200 

100,800 

1.66 

75 

10.026 

4,500 

108,000 

1.78 

80 

10.694 

4,800 

115,200 

1.90 

90 

12.031 

5,400 

129,600 ! 

214 

100 

13.368 

6,000 

; 144,000 

2.38 

125 

16.710 

7,500 

180,000 1 

2.98 

135 

18.046 

8,100 

194,400 

3.21 

150 

I 20.052 

9,000 

216,000 

3.57 

175 

23.394 

10,500 

252,000 

4.16 

180 

24.062 

10,800 

259,200 

4.28 

200 

26.736 

12,000 

288,000 

4.76 
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TABLE XVII 

Heads in Feet op Water with Equivalent Inches op Mercury, Pounds per 

Square Inch, and Velocity in Feet per Second 


Computed with following constants: g = acceleration of gravity = 32.16; 
w = weight of cubic foot of water = 62.4; specific gravity of mercury = 13.6 


Head in 
Feet 

Inched of 
Mercury 

Founds 
per Square 
Inch 

Velocity, 
feet per 
second 

1 

0.883 

0.433 

8.02 1 

2 

1.765 

0.866 

11.34 

3 

2,65 

1.30 

13.89 

4 

3.53 

1.73 

16.04 

5 

4.41 

2.17 

17.93 

6 

5.30 

2.60 

19.65 

7 

6.18 

3.03 

21.22 

8 

7.06 

3.47 

22.69 

9 

7.95 

3.90 

24.06 

10 

8.83 

4.33 

25.38 

11 

9.71 

4.76 

26.60 

12 

10.6 

5.19 

27.78 

13 

11.5 

5.63 

28.92 

14 

12.35 

6.06 

30.01 

15 

13.25 

6.49 

31.06 

16 

14.10 

6.92 

32.08 

17 

15.00 

7.36 

33.07 

18 

15.9 

7.79 

34.03 

19 

16,78 

8.23 

34.96 

20 

17.65 

8.66 

35.87 

21 

18.52 

9.09 

36.75 

22 

19,41 

9.12 

37.62 

23 

20.3 

9.96 

38.46 

24 

21.2 

10.40 

39.29 

25 

22.1 

10.83 

40.10 

26 

22.95 

11.27 

40.90 

27 

23.8 

11.67 

41.67 

28 

24.7 

12.12 

42.44 

29 

25.6 

12.56 

43.19 

30 

26.5 

13.00 

43.93 

31 

27.4 

13.42 

44.66 

32 

28.25 

13.87 

45.37 

33 

29.1 

14.30 

46.07 

34 

30. 

14.72 

46.77 

35 

30.9 

15.16 

47.45 

36 

31.8 

15.60 

48.12 

37 

32.65 

16.02 

48.79 

38 

33.6 

16.47 

49.44 

39 

34.4 

16.90 

50.09 

40 

35.3 

17.33 

50.72 

41 

36.2 

17.77 

51.35 

42 

37.1 

18.20 

51,98 

43 

37.95 

18.62 

52.59 

44 

38.8 

19.07 

53.20 

45 

39.7 

19.50 

53.80 

46 

40.6 

19.93 

54.40 

47 

41.5 

20.36 

54.98 

48 

42.4 

20.80 

55.57 

49 

43.3 

21.24 

56.14 


Head in 
Feet 

Inches of 
Mercury 

Pounds 
per Square 
Inch 

Velocity, 
feet per 
second 

50 

44.2 

21.66 

56.6 

51 

45. 

22.09 

57.3 

52 

45.9 

22.54 

57.8 

53 

46.8 

22.98 

58.4 

54 

47.7 

23.40 

59.0 

55 

48.5 

23.84 

59.5 

56 

49.4 

24.27 

60.0 

57 

50.3 

24.71 

60.6 

58 

51.2 

25.13 

61.2 

59 

52.1 

25.58 

61.6 

60 

53. ! 

26.00 

62.1 

61 

53.8 

26.43 

62.6 

62 

54.7 

26.87 

63.2 

63 

55.6 

27.31 

63.7 

64 

66.5 

27.74 

64.2 

65 

57.3 

28.19 

64.7 

66 

58.2 

28.60 

65.2 

67 

59.2 

29.03 

65.6 

68 

60. 

29,47 

66.2 

69 

60.9 

29.91 

66.6 

70 

61.8 

30.34 

1 67.1 

71 

62.7 

30.79 

67.6 

72 

63.5 

31.20 

68.1 

73 

64.5 

31.63 

68.5 

74 

65.3 

32.07 

69.0 

75 

66.2 

32.51 

69.5 

76 

67.1 

32.95 

70.0 

77 

68. 

33.39 

70.5 

78 

68.9 

33.81 

71.0 

79 

69.75 

34.24 

71.4 

80 

70.6 

34.67 

71.8 

81 

71.5 

35.10 

72.2 

82 

72.4 

35.53 

j 72.7 

83 

73.3 

35.98 

73.1 

84 

74.1 

36.40 

73.5 

85 

75. 

36.83 

74.0 

86 

75.9 

37.28 

74.5 

87 

76.8 

37.71 

74.8 

88 

77.7 

38.14 

75.3 

89 

78.6 

38.78 

75.7 

90 

79.5 

39.00 

76.2 

91 

80.3 

39.42 

76.6 

92 

81.2 

39.84 

77.0 

93 

82. 

40.3 

77.5 

94 

83. 

40.7 

77.8 

95 

83.8 

41.2 

78.1 

96 

84.7 

41.6 

78.6 

97 

85.6 

42.1 

79.0 

98 

86.5 

42.5 

79.5 
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position high-pressure graphited packing for steam and ammonia; 
and rubber or plain square flax or specially treated chrome leather 
for milk. Special sanitary composition packing and friction seals 

are to be used if available. 

Lubrication of pumps is essential. Valves must be kept tight 
and free operating. Rotary pumps should not be operated dry, or 
on gritty materials, as they will soon wear out. Finely finished sani¬ 
tary-type rotary pumps are easily damaged by pumping excessive 
amounts of sterilizing or cleaning solution, particularly if there is 
undissolved washing powder in the solution. 

It is particularly important in handling and cleaning positive-type 
sanitary pumps to use methods that will not allow rotors or housings 
to become nicked, dented, or scratched. Many of the better plants 
have rubber mats on which they lay the pump parts after disassembling 
or in cleaning. Great care should be exercised not to drop them on 
concrete floors or to batter the parts against each other in a wash pail. 
A small nick or gouge, for example on the pump rotor, may almost 
entirely destroy the pump’s usefulness, since positive rotary pumps 
must have very close clearance between the rotor and housing in order 
to operate efficiently. 

Pipe, Pipe Fittings, Fitting, and Soldering. A knowledge of pipe 
and fittings is of value to the dairyman because of the universal use 
of pipes for conveying fluids and gases in the dairy plant. 

Pipe in the dairy industry consists principally of two kinds: stand¬ 
ard gas, water, or ammonia pipe; and the so-called sanitary pipe. 

Standard Piping. Standard water pipe is generally made of 
wrought iron or mild steel although some brass or copper pipe is used. 
Ammonia pipe is almost universally made of steel. 

The size of pipe usually refers to the approximate inside diameter. 
Small pipes are oversize; large pipe is less oversize. Twelve-inch pipe 
or larger is listed O.D. (outside diameter). The weight of pipe is 
characterized as standard, for common water and gas pipe; extra 
strong, for high-pressure steam or ammonia; and double extra strong, 
for extremely high pressure. Conduit is a very light-weight pipe, 
smooth on the inside, for housing electric wires. See Table XVIII for 
size of standard pipe. Extra-strong and double-extra-strong pipe 
have the same outside diameters as standard pipe. 

The finish of pipe may be (a) black for steam, gas and ammonia, 
( b ) galvanized for water, (c) japanned for conduit. 

Pipe threads are usually made right hand, using Briggs’s standard. 
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This thread is very similar to the U. S. standard and is cut on a taper 
of % 6 inch per inch, making it simple to obtain a tight fit. 

Pipe fittings are small parts for joining pipes. They are usually 
made of cast iron for steam and ammonia, and of malleable iron for 
water. 

Fittings are either plain, beaded, or banded (see Fig. 22 ), de¬ 
pending upon the presence and amount of reinforcing material around 
the edges of the fitting. For all except the lightest work, either a 
beaded or banded fitting should be used. Sizes of fittings correspond 
to those of the pipe. 

Numerous types of standard and special fittings are available for 
different purposes, and it is advisable for the dairyman to obtain a 
catalogue of fittings from one of the reliable plumbing supply houses 
for a complete list. It is important that the fitting and pipe should 



(tr) Plain cross. 



(b) Branded cross. 


Fig. 22. 



(c) Streamline soldered 
fitting. 


be suitable for the service it is to be given. Ammonia pipe and fit¬ 
tings are specially made, and ordinary standard pipe should not be 
used for this service. 

Cutting and Fitting Ordinary Pipe, Simple pipe-fitting jobs can 
be done quite readily, provided that a few tools are available. Every 
dairy plant, no matter how small, should be prepared to take care 
of small jobs and emergencies. 

Pipe vises are of three main kinds. The first is the combination 
pipe jaws in a machinist’s or bench vise. This type is fair but not 
nearly so satisfactory as a regular pipe vise since it has a tendency 
to crush the pipe. Second, the so-called “Toledo” pipe vise holds 
many sizes without danger of crushing, and is reversible. Third, 
chain-type vises are compact, flexible, and quite satisfactory. 

Pipe cutters may have one wheel or three. The one wheel is stead¬ 
ier than the three, but not so good in close places. These leave a burr 
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on the inside and outside which must be removed by reaming or filing. 
A good hack saw leaves no burr but cuts rather slowly. 

Pipe threaders consist of dies, stock, and guides. The solid or 
square die is adapted to cleaning the threads of pipe without the use 
of the stock. The two-piece or adjustable die is adapted for use with 
bad fittings. The full mounted die saves time as it is ready for in¬ 
stant use without adjustment. Combination dies cut several sizes by 


Elbow 





Coupling 





Street Elbow 


Return Bend 




Nipple 



Reducer 




Bushing 



Lock Nut 



Fig. 23, Common Standard Pipe Fittings. 


merely changing cutters or dies; they are often made as ratchet dies 
and, though expensive, are very satisfactory. 




TABLE XVIII 

Standard Iron Pipe Sizes * 

For temperatures up to 450° F. 
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1% and smaller proved to 300 pounds per square inch by hydraulic pressure. 
1 % and larger proved to 600 pounds per square inch by hydraulic pressure. 
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Threading Pipe. In threading pipe, select dies or cutters with the 
same numbers on them, and be certain that they are used in pairs. 
Adjust until the lines on dies and stock coincide; turn the stock as 
if to screw the die on the pipe, exerting a small amount of pressure to 
make the die take hold. Use lard oil to reduce heating and to prevent 
chips from injuring the dies or thread. Thread until one full thread 
shows beyond the dies. Oil well, and back off the die carefully, tak¬ 
ing care not to injure the threads. Test the thread by screwing the 
pipe into a fitting, and, if it is too tight, set the dies deeper and re¬ 
thread until the proper fit is obtained. 



1. Globe valve. 




3. Check valve. 


Fig. 24. Types of Valves. 


Assembling Pipe. When assembling pipe make certain to clean 

all threads carefully, then use the proper compound or grease as fol¬ 
lows: 


(а) Grease for cold water. 

(б) White lead for miscellaneous, jobs. 

(c) Red lead for gas or steam pipes. 

(d) Graphite and red lead for steam pipes. 

(e) Litharge and glycerin, freshly mixed to form a thin paste 

for ammonia. 1 


(/) Shellac for gasoline pipes. 
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Use compound sparingly on the pipe and rather thinly or not at 
all on the fitting. 

Pipes should be screwed together tightly. 

Brass and Copper Tubing. In many newer installations, water 
lines are constructed of brass or copper tubing and fixtures. They 
are resistant to corrosion and are simple to install because they can 
be easily bent to suit conditions, thus eliminating friction and some 
of the fittings. This kind of piping is almost universally used on low- 
pressure refrigerating units which employ sulfur dioxide or similar 
refrigerants. The streamline fitting, shown in Fig. 22, is very popular 
for this service. Note that this is a soldered fitting. 

Sanitary Piping. All dairy plants use sanitary piping which can 
be quickly and easily taken down for cleaning, and which is smooth 
finished inside and out. Sanitary pipe is made of tinned copper tubing 
although it is now available in various non-coated metals such as 
stainless steel and nickel. Fittings are usually made of nickel-plated 
bronze, white metal, which is a nickel alloy, or stainless steel. A large 
percentage of the pipe and fittings now sold are of stainless steel. 

Glass Pipe and Fittings. Glass sanitary pipe made of a special 
tough pyrex glass is on the market, and a good many successful in¬ 
stallations are in use. The glass pipe is of interest for two principal 
reasons; first, as a substitute for scarce stainless steel and, second, 
because it can be used in many locations without dismantling for 
cleaning, thereby saving considerable labor in clean-up time. The 
transparent nature of the glass makes it possible to examine the pipe 
visually after cleaning by circulatory methods, and detect any deposits, 
if there are any. 

Glass pipe must be installed in a certain manner, and with special 
fittings, in order to be satisfactory. It is not recommended for locations 
where it will be subject to great strain or where it must be dismantled 
frequently. Figure 25 shows a typical glass-pipe installation. 

Manufacturers give the following specific data: 

Standard stock sizes are 1, 1 2 , 3, 4, 6 inches inside diameter. 

Lengths are 10 feet; longer or shorter are special. 

Normal operating temperatures are 0° F. to 212 ° F. 

Sterilization should be by live steam or chlorine solution. 

Cleaning of Glass Pipelines. The following cleaning procedure has 
been successfully used by one of the large dairies in the eastern part 
of the United States for several years, and with very satisfactory 
bacteriological results: 
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1 . Before the cleaning operation is begun, the entire system of 
glass pipes in the plant is cross connected by means of temporary 
lines so as to permit a complete circulation. A tank and pump of 
suitable capacity located at the low point in the line is filled with 
lukewarm water and circulated for a period of at least 30 minutes 
or until the water returning to the tank is clear and free from visible 
milk. 



Fig. 25 . 



Courtesy of the Creamery Package 3Ifg. Co. 


A Glass Pipe Installation. 


2 . The tank is then filled with a sufficient volume of hot water 
(160 F.) and treated with a polyphosphate detergent containing 
wetting agent, and the solution is then circulated for a period of not 
less than 30 minutes. During this circulating period, a rubber 
sponge is driven through the line to serve as a means of retarding 
the gradual accumulation of a film inside the glass line. 

3. The detergent is drained from the system and sterilization is 
effected by circulating very hot water, starting at 200° F., for a 
period of 10 to 30 minutes. An alternate method which has also 
been successfully used on lines handling only raw milk is to sterilize 
with chlorine solution of sufficient strength so that the effluent at 
the discharge end of the line tested at least 150 p.p.m. 
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4. On lines in which only pasteurized milk is carried, such as 
for example those leading from the cooler to the filler, this plant 
found it necessary to use only hot water for sterilization. 


Let \ v pipe = 1. 



Fig. 26. 


Comparative Carrying Capacity of Various Sizes of Sanitary Pipe. 


Based upon the flow with which the pipe friction head will not exceed 8 feet per 
100 feet of straight smooth pipe. 


Size of pipe, 
inches 


Recommended 
capacity of milk, 
pounds per hour 


1 

1 % 

2 

2 % 

3 

4 


0 to 4,250 
. , 4,250 to 14,500 

. . 14,500 to 33,400 
. . 33,400 to 51,900 
. . 51,900 to 82,500 
greater than 82,500 


Use the next size larger pipe for gravity flow and for handling heavy liquids such as 
cream or ice-cream mix. 


Sanitary pipe and fittings are made in standardized sizes and shapes. 
The Dairy Industry Supply Association in cooperation with the ma¬ 
jor trade associations has set up a standard of sizes based upon out¬ 
side diameter, which is universally used in the United States today. 
Sizes are mentioned as I.A.M.D. size. 

The following standard sizes are used: 1 inch, iy 2 inches, 2 inches, 
214 inches, 3 inches, and 4 inches, all measured O.D. (outside diam¬ 
eter) . See Table XIX for size and capacity of sanitary pipe. 

Sanitary Fittings. All fittings are designated by number, as shown 
in Fig. 27. Many special types of fittings are also available upon 
special order. A modern improvement in sanitary piping is to have 
all fittings such as ells, tees, and valves threaded at all outlets, and 
the nut and plain ferrule should be on the pipe which connects to the 
fitting. This arrangement gives maximum accessibility to all surfaces 
for cleaning and prevents unscrupulous persons from soldering pipes 
together in a way which makes them difficult to clean. In order to 
complete the advantage of this system, a recessless-type fitting, Fig. 
28, is used for the end of the pipe so that there can be no crevices. 
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Standard sanitary fittings are of either of the ground-joint or 
gasket type. For ordinary use the ground-joint ones are very satis¬ 
factory and can be resurfaced by means of a special tool, if necessary. 
The gasket fittings are very popular, however, in many large plants, 
and will probably give longer trouble-free service than the ground- 
joint ones. Inexpensive single service gaskets can now be obtained 
for the ground-joint fittings also. A combination ground-joint or 
gasket-type fitting is also available. 


TABLE XIX 


Sanitary Stainless-Steel Tubing Data * 


D.I.S.A. Standard Size (O.D.) 

1" 


2" 

2i" 

3" 

4" 

Pounds of milk per foot of length 

0.285 

0.689 

1.23 

1.97 

2.89 

5.26 

Gallons of milk per foot of length 

0.033 

0.080 

0.143 

0.229 

0.336 

0.611 

Volume in cubic inches per foot of length 

7.67 

18.52 

32.95 

52.94 

77.63 

141.16 


Friction Head in Feet in 100 Feet of Standard O.D. Sanitary Pipe (Milk) 


Gallons 

Capacity, 



per 

pounds 

1 in. 

1§ in. 

minute 

per hour 

0.049 

0.049 

4 

2,000 

2.5 


6 

3,000 

5.5 

1.0 

8 

4,000 

9.0 

1.5 

10 

5,000 

14.0 

2.0 

20 

10,000 

45.0 

6.0 

30 

15,000 


12.0 

40 

20,000 


20.0 

50 

25,000 


30.0 

60 

30,000 


40.0 

80 

40,000 


70.0 

100 

50,000 


100.0 

120 

60,000 



160 

80,000 



200 

100,000 



300 

150,000 




2 in. 

2 ] in. 

3 in. 

4 in. 

0.065 

0.065 

0.065 

0.065 


0.5 




1.8 




2.5 

1.0 



4.3 

1.5 



6.0 

2.3 



8.5 

3,0 

1.5 


14.0 

5.5 

2.2 


20.0 

7.5 

3.0 


29.0 

10.5 

4.3 


44.0 

18.0 

7.0 

2.0 

74.0 

26.0 

10.5 

2.5 




5.5 


Courtesy of the Cherry Burrell Corp, 


* If possible a pipe size should be selected which will keep the friction under 8 feet per 100 feet of 
Pipe. For ice cream mix and other viscous liquids, the next larger size pipe should be used. 


3A Standards for Sanitary Pipe and Fittings. Considerable prog¬ 
ress has been made in establishing industry standards as follows: 

A. MATERIAL . All 3A standard sanitary fittings shall be con¬ 
structed throughout of dairy metal consisting of stainless steel, nickel 
alloy, or equally corrosion-resistant material that is non-toxic and 

non-absorbent. 
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1. All milk-contact surfaces shall be finished to 
not less than 120 grit finish properly applied. 

2 . All outside surfaces must be smooth. 


Courtesy of the Specialty Brass Co 

Fig. 27. Types of Sanitary Pipe Fittings. 

Note that each fitting is designated by a particular number. 
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B. CONSTRUCTION. These fittings shall conform to the speci¬ 
fication of dimension, shown on the 3A standard drawing established 
for each fitting. The dimensions standardized either bear relationship 
to interchangeability or are necessary for reason of sanitary design. 

C. GASKETS. Single-service gaskets of the sanitary type, or re¬ 
movable rubber type gaskets that can be easily cleaned shall be used 
with gasket-type fittings. 

D. TUBING 

1. Tubing to be used with these fittings shall be constructed of 
dairy metal, stainless steel, nickel alloy, or equally corrosive- 
resistant material that is non-toxic and non-absorbent. The inside 
finish of such tubing shall be equivalent to, not less than, that of 
stainless steel tubing having 120 grit finish properly applied. 

2. When stainless-steel sanitary tubing is used it must conform 
to the American Society for Testing Materials Standard Specifica¬ 
tions for Seamless and Welded Austenitic Stainless Steel Sanitary 
Tubing, #A-270~47, with the exception that the minimum 3A ac¬ 
cepted inside finish shall be as described in paragraph D, ( 1 ). 



J 


This portion of union may be coupled to threaded end of any 
sanitary fitting of corresponding size and thread. 

Recessless ferrule is soldered to pipe with end of pipe 
projecting slightly through ferrule. End of pipe and ferrule 
are then faced flush with facing tool. 

Fig. 28. Detail of a Union, with Recessless-Type Sanitary Pipe Fittings. 


Fitting Sanitary Pipe. Great care should be exercised in planning 
a sanitary-pipe layout and system in order to use the fewest fittings 
and valves and still obtain proper results. Pipelines should be as short 
and direct as possible. Also, it is often possible to combine standard 
lengths of pipe such that the same pipe may be variously used in 
changed locations at different times of the day for a number of 
operations. 

Long lengths of pipe should be well supported by hangers or floor 
supports at about 10-foot intervals or closer, depending upon condi¬ 
tions. Unions should be placed every 10 feet in order to facilitate 
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cleaning, except where circulatory cleaning methods are used. In this 
instance, the pipe is sometimes welded together at the joints and is 
never taken apart. This practice is not accepted very widely. Vibra¬ 
tion of pipelines will cause leaks at the joints and should be prevented. 

The sanitary pipelines are connected by means of special type 
sanitary fittings (see Fig. 23). These fittings are of two principal 
types, the so-called solderless type, which is usually attached by ex¬ 
panding the pipe into the fitting, and the ordinary soldered type. The 
plant owner should consider carefully the respective advantages of the 
two types and select the one which best meets his requirements, based 
upon cost, availability of service, flexibility of design, sanitary features, 
and upkeep. 

Solderless or Expanded-Type Fittings. The solderless, recessless 
type fitting is illustrated in Fig. 28. It will be noted that the pipe 
passes entirely through the fitting, and the joint between the-pipe and 
the fitting is actually on the end of both the fitting and the pipe, out 
of direct contact with any milk which passes through the pipe. The 
fitting is attached by slipping the fitting over the end of the pipe to 
the proper position and then expanding the pipe into the fitting by 
means of an expander of the same general type as that used in expand¬ 
ing boiler tubes in a boiler. A special roller-type expander and a 
strong die clamp for holding the fitting in shape while the tube is 
expanded into it are the principal tools required for the attachment of 
these fittings. A set of end reamers and finishers is used to accurately 
finish off the contact surfaces of the finished end of the pipe and fitting. 
The inside of the fitting is usually made roughened by means of a fine 
thread in it so that when the pipe is expanded into it, a stronger joint 
is made. This type of fitting is used on stainless-steel pipe and fittings 
but will not work satisfactorily for pipe and fittings made of soft 
metals. A large percentage of the sanitary pipe sold is put up with 
joints of this type, as they are strong, trouble-free, and sanitary if 
properly made. 

Soldering. Soldering is widely practiced in the dairy industry for 
joining metals, as in attaching fittings to sanitary pipe, and for flushing 
irregular shapes and seams in order to make them sanitary and easily 
cleaned. Ordinary or soft soldering is easily done after some experience 
and with the proper supplies. Hard soldering, commonly called brazing, 
is more difficult but makes a much stronger bond. 

The following metals can usually be soldered: tin, copper, iron, 
brass, zinc, lead, galvanized iron. Some other metals can be soldered 
with special solders and fluxes. 
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Solder. 



ion solder is usually made as follows: 


Melting Point, * F. 


Common, 1 part tin to 1 part lead 

370 

Cheap, 1 part tin to 2 parts lead 

441 

Fine, 2 parts tin to 1 part lead 

340 

Dairy, 99+ parts tin 



Tin melts at 440° F.; lead, at 617° F. 


Solder is usually purchased in bar or wire form, the wire being 
much handier for small jobs but about twice as expensive as bar 
solder. Wire solder can be obtained with the flux inside so that no 
separate flux is needed. 

Soldering Flux. Fluxes prevent formation of oxides on surfaces 
to be soldered and also assist in cleaning the surface. The following 
fluxes are most commonly used: 


1. Cut acid: hydrochloric and with 2 parts water “killed” with 
all the zinc it will dissolve, for a general flux on tin, copper, brass, 
zinc, iron, or babbitt. 

2. Straight acid: diluted hydrochloric, for use on galvanized 
iron and zinc. 

3. Rosin: for tin, lead, and copper. 

4. Ammonium chloride: improves “cut acid” when used on iron. 

5. Tallow: for lead. 

6. Soldering paste and commercial fluxes such as Johnson’s 
soldering fluid for general and special uses, as on stainless steel. 


Heating the Work. Heat is applied to the work either directly 

from a gasoline torch, an acetylene torch, or a gas flame, or from a 

hot soldering copper (sometimes called a soldering iron). Soldering 

coppers are listed in sizes; for instance, Numbers 2, 3, and 4 are good 

average sizes for general work. They weigh 1,1 %, and 2 pounds, 
respectively. 

The soldering copper must be kept clean and well tinned at the 

A - p 

point, or good work cannot be done. Overheating or heating from 
the point will burn off the tin and cause an oxide to form, which pre¬ 
vents the copper from holding solder. To retin the copper, it should 
first be cleaned, either by filing or with acid, so that it is bright on 
the point. Then it is heated to the proper temperature, covered with 

flux, and rubbed over a piece of solder, and it will take the coatine of 
solder. & 


Rubbing on a block of sal ammoniac on which 




all amount of 
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solder has been laid is a good method. However, thorough cleaning 
with acid ana touching to a piece of solder is perhaps the best method. 

Soldering Procedure. Most important is to have a clean, well- 
tinned copper (if a copper is used) and clean surfaces to be soldered, 
well coated with the proper flux. Apply the proper heat, and, if pos¬ 
sible, utilize the force of gravity to flow the solder into the proper 
position. On sanitary pipe and fittings, it is well to tin the surfaces 
by heating them and making a thorough coating of solder on the two 
surfaces which are to be brought together, before actually bringing 
them together. Also apply sufficient heat for a long enough time so 
that the solder is thoroughly melted all the way through when the 
joint is together in position. 

When soldering small pieces onto large bodies of metal especially, 
it is important to make certain that the heat is applied sufficiently 
long to melt the solder thoroughly all through the joint. A wet cloth 
is helpful in cooling the parts slightly, if need be, to prevent over¬ 
heating and resultant loss of solder running on through the joint. 
Rough soldering results if the parts are dirty or the solder too cold 
or flux insufficient. If solder does not stick, it is usually because the 
work has not been cleaned well enough, or the proper flux has not 
been used, or the work is not hot enough. A metal which can be 
tinned can be soldered. 

Soldering Sanitary Pipe. Considerable practice is needed to do a 
good job of soldering sanitary pipe, but the application of a few prin¬ 
ciples will simplify the job for the beginner. 

First, the parts to be soldered together must be accurately fitted; 
in soldering a ferrule to a piece of pipe, the pipe should be cut off 
square so that the end fits accurately against the shoulder in the 
ferrule. Failure to do this will leave a large crevice which is difficult 
to fill. The pipe should be reamed off on the end so that no burrs 
project on the inside or outside. If it is loose in the fitting, it may be 
desirable to expand the end of the pipe somewhat with a taper plug 
so that it will fit snugly.* 

Second, the parts must be thoroughly cleaned at the point where 
the solder is to touch. This is accomplished by scraping or by means 
of sand paper or acid cleaner. The entire surface must be clean and 
bright or the solder will not stick properly. 

Third, all parts of the joint are coated with the soldering flux. 

Fourth, using a heavy copper, or preferably a torch, the parts are 


* Recessless soldered fittings should be end-reamed after soldering. 
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heated and the solder flowed onto the surfaces of the outside of the 
pipe and the inside of the fitting, the parts being turned so that a 

thorough coating is obtained. 

Fifth, the fitting is placed on the bottom, the pipe inserted as far 
as possible, and heat is applied once more. When the solder has 
melted and the pipe is against the shoulder in the ferrule, then more 
flux and solder are applied at the top of the ferrule, if needed, to make 
the solder fillet smoothly between the edge of the ferrule and the pipe. 
It may be necessary to cool the bottom of the ferrule with a wet cloth 
before finishing the top of the ferrule as too much heat on the bottom 
will cause the solder to run through and out at the bottom. 

Sixth, sufficient heat is applied to the top of the ferrule to melt 
the solder and give it a smooth appearance. Excess solder can be 
wiped off while melted by means of a dry cloth, with a quick light 
movement. 

Seventh, the assembly is cooled slightly and the inside of the fit¬ 
ting inspected. If there is a crevice, more heat and solder must be 
applied, preferably from the top, although sometimes it can be done 
from the inside. 

Eighth, excess solder, if present on the inside, can be wiped out by 

heating the inside sufficiently to soften the solder, or it may be scraped 
out. 

Reseating of Sanitary Pipe on Fittings. Sanitary valves may be¬ 
come worn or dented through use or improper handling, and cause 
trouble from leakage of the ground joints. Valves of the plug type 
are easily reground with grinding compound by the same methods as 
auto engine valves. The grinding compound should be evenly dis¬ 
tributed over the valve surfaces where the plug contacts; the grinding 
is accomplished by means of an oscillating motion. Use medium- 

grade compound first, then the fine. Do not exert excessive pressure 
as it is likely to cut grooves in the valve. 

Ground-joint sanitary union fittings can be refaced easily with a 
refacing tool. 

Care of Sanitary Pipe and Fittings. The greatest cause of de¬ 
terioration of sanitary pipe and fittings is undoubtedly the pounding 
and nicking encountered during the cleaning operation and in the 
assembling and disassembling of the parts. Fittings should never be 
pounded to loosen a nut; therefore it is essential that sufficient wrenches 
be available in a handy location so there will be no excuse for operators 
pounding the fittings to loosen them. Particularly the wear on valves 
and union fittings, as well as soldered joints, can be greatly minimized 
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by having every pipeline substantially supported, and if the line is 
attached to a machine having considerable vibration, this vibration 
should be minimized if possible. The use of portable wash tanks with 
supporting racks on which the pipe can be laid after washing, and 
before assembling, will be found to simplify the cleaning operation 
greatly and at the same time result in less battering of the pipe and 



Courtesy of John R. Perry 

Fig. 29. A Sanitary Pipe Rack. 


fittings. The tapered seats of sanitary fittings can be readily repaired 
when dented by using a valve reseating tool, which can be obtained 
from various supply houses. The greatest factor, however, in connec¬ 
tion with maintaining the life of sanitary pipe and fittings is to impress 
upon the operators and clean-up crews the importance of handling this 

material with care. 

The use of a sanitary fitting truck rack, Fig. 29, is a good practice, 

M a- 

as it saves labor and also helps prevent damage to fittings. 

A motor-driven brush-type cleaner, Fig. 30, will also be found use¬ 
ful. Care should be taken not to wear off tin coatings on the inside 
of tinned copper tubing by excessive use of this type of brush. 
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Courtesy of John R . Perry 

Fig. 30. Motor-Driven Sanitary Pipe Cleaner. 

QUESTIONS ON PUMPING 

1. Define pressure. 

2. What is the common unit of pressure? 

3. What is meant by the term head as used in hydraulics? 

4. What is meant by a vacuum? 

5. What is the commonly used unit of vacuum? 

6. What factors determine the maximum theoretical suction lift? 

7. What is the maximum practical suction lift under usual operating condi¬ 
tions? 

8. What is the maximum theoretical suction lift for pure water at 212° F. 
under standard atmospheric pressure? 

9. Sketch and explain the operation of a reciprocating, a rotary, and a cen¬ 
trifugal pump. 

10. What is the difference between gauge and absolute pressure? 

11. If 1,000 gallons of milk are lifted 20 ft. in 20 minutes, how much work is 
accomplished? How much power is developed? 

12. What suction head in feet of water is equivalent to a vacuum of 20 in. 
of mercury? 

13. What loss of head in feet of water caused by friction should be allowed 

for the flow of 5 g.p.m. of water through 150 ft. of 1-in. pipe and three 1-in. 

elbows? To what pressure in pounds per square inch will this loss of head be 
equivalent? 

14. If the velocity in feet per second is to be less than 4, what is the smallest 
pipe which should be used for a flow of 35 g.p.m.? 
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15. If a total head of only 15 ft, is available to force 50 g.p,m. through 150 
ft. of pipe, what is the smallest pipe which may be used? 

16. What are the maximum theoretical and practical suction lifts in feet for 
water at 140° when using a centrifugal pump? 

17. How many gallons per minute will be pumped by a double-acting, duplex 
pump with 3-in. bore and 4-in. stroke when operated at 50 strokes per minute, 
assuming a volumetric efficiency of 95 per cent? 

18. List the following pumps with respect to usual operating speeds, difficulty 
in priming, and space required for a given capacity. 

a. Reciprocating. 

b. Centrifugal. 

c. Rotary. 

19. Which of the above pumps requires an air chamber? 

20. Which have discharges proportional to speed? 

21. Which may have the discharge valves closed without danger of damage? 

22. What is a sanitary pump? 

23. What is a triplex pump? 

24. Sketch a rotary seal. 

25. What type of packing is recommended for the following services: 

a. Brine. 

b. Water. 

c. Milk. 


QUESTIONS ON PIPE AND FITTINGS 

1. What materials are used in the manufacture of standard water pipe? 

2. How is standard iron pipe size measured, inside or outside? 

3. What kinds of finish can be applied on iron pipe? What are the objects 

of each type of finish? 

4. What kinds of fittings are used for ammonia? 

5. What is meant by the following: plain; banded; beaded fittings? 

6. Describe the procedure for cutting pipe. 

7. Describe the procedure for threading pipe. 

8. What kind of pipe fitting compound is used for the following services: 

1. Cold water, 

2. Steam. 

3. Gas. 

4. Ammonia. 

5. Gasoline. 

9. What is a streamline fitting? 

10. What is sanitary pipe? 

11. What material is used in the construction of sanitary pipe? 

12. What sizes are standard for sanitary pipe? Is it measured I.D. 

13. What is meant by the designation I.A.M.D.? 

14. Sketch the following fittings by number: 1; 5; 7; 2-CL; 32A; 

13; 14; 14A. 


or 


O.D.? 


15; 15A; 
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15. Describe the method of soldering sanitary pipe. 

16. What is dairy solder? 

17. Give a detailed description of general soldering procedure. 

18. What is soldering “flux”? Name two kinds, and state their use. 


CHAPTER VI 


HEAT MEASUREMENT, TRANSFER AND CONTROL 
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Processing of dairy products usually involves some kind of heat 
treatment, either in heating or cooling; therefore, a knowledge of 

heat and the principles of heat transfer are of 
importance to men engaged in the dairy industry. 
Temperature measurement and control are of vital 
importance to the operator as they determine the 
effectiveness and safety of the various processes. 

Definition of Heat. Heat is a form of energy 
which will flow into or out of a body when a tem¬ 
perature difference exists between the body and its 
surroundings. Heat will always flow naturally from 
a body of high temperature to one at lower tem¬ 
perature. Evidence of a heat flow is found in the 
change of temperature of the body receiving or 
giving up heat or in a change of state of the body 
after the heat flow. 

A standard unit of heat is the B.t.u. or British 
thermal unit. This quantity of heat is the amount 
required to raise the temperature of 1 pound of 
water 1 degree Fahrenheit at the temperature 62- 
63° F. It is also the quantity of heat generated by 
778 foot-pounds of work. One kilowatt-hour of 
electricity, if converted into heat, gives 3,412 B.t.u. 
One boiler horsepower-hour is the equivalent of 
33,478 B.t.u. One horsepower-hour = 2,545 B.t.u. 

The B.t.u. is a very valuable unit of measure¬ 
ment, for it simplifies calculations of efficiency of 
all kinds of heat apparatus such as boilers, refrig¬ 
erators, pasteurizers, and the like. 

Temperature, or the degree of hotness or coldness, as determined 
by the senses, is commonly measured on the Fahrenheit scale, on 
which the freezing point of water is 32° F. and the boiling point 
212° F. at sea level. The centigrade scale is the other principal scale 
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used in many parts of the world; on this scale the freezing point of 
water is 0°, and the bailing point 100° Figure 31 compares the two 

scales. 

It will be noted that, if the reading on one scale is known, the 
reading on the other can be calculated, for example: 

Problem: Find the temperature on the Fahrenheit scale corresponding to 
40° on the centigrade scale. 

Solution: 

1 Centigrade degree = f§§ = i Fahrenheit degree 
Then 40 X f = 72° F. above freezing 

0° C. = 32° F. 

Then 40° C. = 32 + 72 = 104° F. 

Conversely: 

1 Fahrenheit degree = f Centigrade degree 

104° F. = 104 — 32 = 72° F. above freezing 
Freezing = 0° C. 

Then 72 X f = 40° above zero = Centigrade temperature 

Kinds of Heat. There are two kinds of heat. One, called sensible 
heat, is that which is associated with a change of temperature such 
as when milk is heated from 60° to 142° F. The second type of 
heat is called latent heat and is associated with a change of state 
of a product rather than a change of temperature: for example, when 
dry steam at atmospheric pressure and 212° F. condenses to form 
water, a great quantity of heat (970.4 B.t.u. per pound of condensate) 
is given up without change of temperature. When the water is 
changed back into dry steam, an equal quantity of heat must be 
absorbed by every pound of water. 

Heating by Conduction. Heat is transferred from one body to 
another in three different ways. First, by conduction, which is illus¬ 
trated by the fact that, if one side of a pasteurizer lining is heated, 
the other side soon becomes hot also. The conductivity of a sub¬ 
stance is measured by the B.t.u. transmitted per hour per square foot 
per inch or foot thickness per degree difference in temperature on 
the two sides of the plate. This constant (fc) is different for different 
materials, k values for some of the more common materials used in 
the dairy industry are given in the following tables, where the units 
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of k are B.t.u. per hour per square foot per degree Fahrenheit per foot 
thickness. 

TABLE XX 

Heat-Transfer Values of Some Common Materials 

Metals 


Material 

k 


Aluminum 

118* 


Brass, yellow 

55. 


Copper 

238. 


Iron, wrought 

40. 


Iron, cast 

36. 


Lead 

20. 


Nickel 

32. 


Steel 

25. 

* 

Tiii 

35. 


Zinc 

64 


Non-Metals 



Asbestos 

0.12 


Brick, building (1,800° F.) 

0.80 


Brick, Sil, Cel (1,800° F.) 

0.03 


Brick and mortar wall 

0.40 


Cement, Portland 

0.50 


Cork 

0.03 


Glass, flint 

0.30 


Magnesia 

0.04 


Rubber 

0.10 


Wood, pine, parallel to fiber 

0.07 


Gases 



Air 

0.0137 at 

32° F. 

Carbon monoxide 

0.0131 at 

32° F. 

Carbon dioxide 

0.00804 at 

32° F. 

Oxygen 

0.0138 at 

32° F. 

Nitrogen 

0.0137 at 

32° F. 

Steam 

-0.0129 at 212° F. 

Liquids 



Water 

0.347 at 

86° F. 


0.372 at 167° F. 


Calculation of Heat Transfer. Before figuring the actual heat 
transfer through apparatus, it is always necessary first to determine 
the actual temperature difference existing on the two sides of the 
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heat-transfer surface. This is simple where the temperatures are 
uniform. 

However, in figuring the heat transfer through apparatus such as 
condensers or double pipe heaters and coolers, where the inlet and 
outlet temperatures vary, the true temperature difference between the 
heating or cooling medium and the product being treated is given by 
the logarithmic mean temperature difference. Thus, the average tem¬ 
perature difference or 


M.t.d. 


Greatest temperature difference—Least temperature difference 


2.3 log 10 


Greatest temperature difference 
Least temperature difference 


However, for conditions where the greatest temperature difference is 
less than twice the least temperature difference, the simple arithmetic 
value is within 4 per cent of the logarithmic value. This formula 


M.t.d. 


Greatest temperature difference + Least temperature difference 

2 


can then be used with accurate results; for example, if the ice-cream 
mix enters cooler at 50° F. and leaves at 40° F. with a brine tempera¬ 
ture of 20° F., 


M.t.d. 


(50 - 20) + (40 - 20) 

2 


(30 + 20) 
2 


25° F. 


by the arithmetic method. 

If the mix entered at 80° F. and left at 40° F., the arithmetic 
method would give a M.t.d. much too high, and the answer should be 
determined by the logarithmic method as follows: 


M.t.d. = 


(80 - 20) - (40 - 20) 


60 - 20 


40 


= 36.4° F 


2.3 logio 


80 - 20 
40 - 20 


2.3 log 


10 


60 1.089 

20 


The ordinary arithmetic method would give 


(80 - 20) + (40 - 20) 

2 


60 + 20 
2 


40° F. 


which is too great. The arithmetic method gives answers which are 

sufficiently accurate for general calculation for most problems en¬ 
countered in general practice. 

In figuring the heat transmitted through a cast-iron wall % inch 
thick, 2 feet by 5 feet in area, and with water at a temperature of 
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160° on one side and an average temperature of 90° on the other, 
the simple calculation without considering the film resistance would 



B.t.u. transmitted per hr. 


k X A X (Ti - T s ) 

t 


k 

A 
T x 
T 2 

t 

Then 

36 X 10 X (160 - 90) -f oi i aaa x u ^ a 
-- 1,211,000 B.t.u. per hour heat flow 

0.0208 

Examination of the formula shows that the heat transfer is increased 
by: 

(1) greater k value, 

(2) greater temperature difference, 

(3) greater area of surface, 

and is decreased by: 

(1) greater thickness of the heat transfer wall. 

Effect of the Surface Film. In figuring an actual heat-transfer 
problem involving gases or fluids in contact with the heat-transfer 
surface, the overall conductivity of the heat-transfer wall is greatly 
affected by the conductivity of the surface film of the heating fluids 
and the material being heated so that usually the conductivity of the 
metal wall above is of less importance than the conductivity of these 
surface films. The practical significance of this matter is illustrated 
by the fact that, in a thin-walled apparatus such as a pasteurizer, 
the actual heat transfer of a stainless-steel vat is almost equal to 
that of a tinned-copper vat, even though the conductivity of the 
copper is about 9 to 10 times that of stainless steels. The reason is 
that the resistance of the slow-moving film of milk and water in 
contact with the surface causes a low conductivity, which is a greater 
factor than the conductivity of the metal in the overall heat transfer 

of the apparatus. 

* Some books give conductivity values on the basis of thickness in inches 
instead of feet* 


= 36 B.t.u. per hour per square foot per degree Fahrenheit 
per foot.* 

= 2 X 5 = 10 sq. ft. 

= higher temperature = 160° F. 

= lower temperature = 90° F. 

0.25 

= thickness of plate in feet = -f— = 0.0208 ft. 

12.0 
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It is often necessary to figure the conductivity of a wall made up 
of more than one material. The following formula can then be used: 


where 


B.t.u. transmitted per hr. = kg X A X — T 2 ) 






A = heat transfer area in square feet. 

Ti — T 2 = temperature difference in degrees Fahrenheit. 

fc 0 = overall conductivity in B.t.u./hour/square foot/per 

degree Fahrenheit temperature difference. 
t\, < 2 , <3 • ♦ • <« = thickness of successive layers in either inches or feet, 

depending upon units of k values. 
k u k 2 , k 3t - • • ki = thermal conductivity values of successive layers. 


The conductivity of the vat can be greatly increased if the milk 
and water film are moved rapidly over the surface, also if the viscosity 


of the milk product is reduced. 
Viscous products such as ice-cream 
mix always are much slower than 
milk in heating or cooling in a vat, 
on this account. Modern appa¬ 
ratus is designed to give as much 
film movement as possible and yet 
not injure the product, in order to 
secure rapid heating or cooling. 

In studying this problem, it has 
been found that, when a liquid or 
gas is in contact with a solid wall, 
there is an adhering relatively sta¬ 
tionary film or fluid on the surface 
of the solid, which becomes thinner 
as its velocity parallel to the sur¬ 
face increases, and which breaks 



the Various Temperature Drops En¬ 
countered in the Transfer of Heat 
from a Heating Fluid through a Wall 
and into a Second Fluid. 

away from the solid wall only at 


very high velocities, if at all. Heat is transmitted only by conductior 
through this film, although, as soon as the heat has penetrated the film 
the hot particles are picked up and carried away mechanically, by th< 
main body of the fluid. Most liquids and gases are very poor con¬ 
ductors of heat, which means that these liquid films, if moving slowly 


cause a great resistance to heat transfer. Referring to Fig. 32, which 
illustrates, graphically, the effect of films on heat transfer, and tern- 















94 


DAIRY ENGINEERING 


perature drop, it will be noted that from T x to T 2 there is a large 
temperature drop, due to the resistance of the film on the heating side. 
Through the solid wall the temperature drop T 2 — t 3 is relatively small; 
then at the other surface film T 3 — t± there is another large drop until 
the main body of the liquid is reached at T B . It should be borne in 
mhid that these films are extremely thin and very difficult to measure) 
they usually are of the order of thousandths of an inch. 

Experience has shown that the resistance of the film is best re¬ 
duced by any treatment which reduces the thickness of the film. A 
rapid movement of the body of liquid or gas over the surface will 
greatly decrease the resistance of the film. Note that the heat-trans¬ 
fer coefficient from a rapidly boiling liquid on one side of the surface 
is very high on account of the violent agitation and rupture of the 
film. On the other hand, where the temperature difference is very 
low so that only a small amount of boiling takes place, the resistance 

may be very high because of an insulating layer or film of vapor on 
the heating surface. 

The actual calculation of heat transfer through films is very in¬ 
volved, and the most accurate results are obtained by the use of 
film transfer coefficients which have been determined experimentally 
for -different conditions. The reader is referred to some of the refer¬ 
ence books dealing with heat transfer for a full discussion of the 
subject. It is important, however, to state that the factors causing 
high film resistance to heat transfer are: 

1 . Low velocity of fluids. 

2 . Greater viscosity. 

3. Low conductivity of the fluids. 

4. Lack of turbulence in the film. 

The following general equation expresses the method of heat flow 
from a fluid, through one layer of material such as a metal plate, 
to another fluid. 

B.t.u. per hour heat flow = k 0 X A X ( Ti — T 2 ) 

1 

where ko =- 

GAi) + ( h/k \) + (1/A 2 ) 

A = heat transfer area in square feet. 

Ti = temperature of hot fluid in degrees Fahrenheit. 

T 2 = temperature of cold fluid in degrees Fahrenheit. 

hi = film coefficient of hot fluid in B.t.u./hour/square feet/ 

degrees Fahrenheit.* 

* Film coefficients must be obtained by reference to physical handbooks 
hydraulic or thermodynamic reference works. 
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Heating by Convection. The second method of heat transfer is by 
convection, that is, by means of currents in a fluid or gaseous substance. 

This method is illustrated by the natural currents set up in a cold- 
storage room, which cause the cold air around the refrigerating pipes 
to settle to the bottom of the room and the warm air to rise, thus 
making a continual circulation, which carries the heat around to dif¬ 
ferent parts of the room. This method of heat transfer is also well 
illustrated when the bottom of a beaker of water is heated. If the 
top of the beaker is heated, the currents set up do not go to the bottom, 
and as a consequence, very poor heat transfer is obtained as compared 
to that when the bottom is heated. See Fig. 33. 



Hot Liquid Rises 
Cold << Falls 


Fig. 33. Convection Currents in a Vessel When Heat Is Applied at the Bottom. 


Heating by Radiation. The third method of heat transfer is by 
radiation. This method is illustrated by the warmth felt when one 
comes near to a hot object without touching it. The heat energy 
travels in invisible straight lines through space from the hotter to the 
cooler object and is controlled by definite laws. In general, the quan- 
ity of heat radiated is proportional to the fourth power of the abso¬ 
lute temperature and inversely proportional to the distance from an 
object Black bodies absorb radiated energy most efficiently, and 
polished surfaces absorb the least. The general law covering radiation 
o neat from small bodies surrounded by a large body is: 


in which II 


H = A PC 



B.t.u./hour/per square foot. 
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A = area of hot body in square feet. 

P = percentage blackness of small hot object (usually 90 per 

cent for unpolished metals). 

C = a constant = 0.172 B.t.u./hour/square foot (degree Fahr¬ 
enheit absolute/100) 4 . 

T\ = absolute temperature of hot body. 

T 2 = absolute temperature of cold body. 

Modifications and additions of the above equation are needed to 
cover special conditions. These will be found in books on heat 
transfer. 

In practice, when a hot body of small size is exposed to a cooler 
gas, heat is lost by both radiation and convection. A simplified for¬ 
mula using a radiation constant will give reasonably accurate results. 

With these data, the heat loss from pipes can be readily calculated 
as follows: 

Problem. Find the heat loss per 24 hours from 100 ft. of 1-in. iron pipe at 
370° F. with room temperature of 70° F. 

Solution. 

B.t.u. loss = t X K X A X (Ti — T 2 ) 


t = time in hours = 24. 

K = radiation and convection constant = 4 

A = pipe area = pipe diameter in feet X 3.1416 X pipe length in feet. 
T i = pipe temperature in degrees Fahrenheit = 370° F. 

T 2 = ambient air temperature = 70° F. 


B.t.u. loss — 24 X 4.0 X 


/ 1.315 X 3.1416 X 100 \ 
\ 12 / 


X (370 - 70) = 990,000 B.t.u. 


It is well for the dairy engineer to remember in general that: 

1. Heat naturally travels from a warm object to a cooler one. 

2. The greater the temperature difference, the greater the heat 
transfer. 

3. The thinner the wall, the better the heat transfer. 

4. Dark objects always absorb heat more readily by radiation 
than light-colored ones. 

5. In order to make use of convection currents, heating should 
be done on the bottom or side of a vessel or room, and cooling 
should be done on the top or side. 
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TABLE XXI 

Comparative Radiating Power of Solids 

Below 1600 ° C. 

Total black body =*1.0 


Material 


Iron, cast, bright 

Iron, rusted 

Iron or steel, polished 

Iron or steel, badly rusted 

Copper, polished 

Copper, darkened 

Copper, oxidized 

Aluminum paint 

Monel metal 

Silver 

Brass, bright 
Brass, dull 
Zinc, dull 
Tin, polished 
Nickel 


Emissivity 

Reference 

0.22 

1 

0.62 

1 

0.20 

2 

0.90 

3 

0.10 

3 

0.26 i 

1 

0.72 

1 

0.50 

1 

0.43 

1 

0.03 

1 

0.07 

3 

0.23 

2 

0.22 

3 

0.10 

3 

0.35 

3 


1. Langmuir, Trans, Am. Electrochem. Soc 23, 1913. 

2. Walmsler, Mitteilungen uber Forachungsarbeiien, Heft 98, 1911. 

3. Average values from different authorities. 


Temperature-Measuring Equipment. Thermometers . Many dif¬ 
ferent types of thermometers are used in the dairy industry. The 
more common ones may be classified as follows: 


Glass 


Indicating 


l Dial 


Chemical 

Mercury-filled Angle 
Alcohol-filled Long stem 

. Floating 

Vapor tension 
Electrical resistance 


Recording 


Mercury-filled 
Gas-filled 
Vapor tension 
Electrical resistance 


Indicating thermometers of the better type are usually mercury 
actuated, although some very good alcohol ones are now constructed. 
The standard thermometer as used in vats has a protective sheath 
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which decreases its sensitivity somewhat, but otherwise the instru¬ 
ment is very similar to the standard chemical thermometer. The 
electric resistance-type instrument is of particular value where great 

accuracy is required and where easy reading is essential. It is usually 
of the dial or recording type. 

Recording thermometers are of the four general types mentioned 
above. A typical mercury-operated bulb type recording thermometer 
tube system is shown in Fig. 34. Note that a clock movement turns 

the chart in such a manner that the pen arm is synchronized with 
time markings on the chart and draws a continuous record of the 
time and temperature. The pen arm is actuated by a pressure element 









Courtesy of the Taylor Instrument Co. 


Fig. 34. Tube System of a Mercury-Actuated. Recording Thermometer. 

The bulb A is filled with mercury B and attached by means of a welded connec¬ 
tion C to the tube D. This tube is welded to actuating coil Q- at point F. A special 
alloy filler wire is inserted in the bore of the tubing, and when the system is com¬ 
pleted by filling completely with chemically pure mercury, and sealing under pressure, 
any change in the pressure of the mercury in the bulb is communicated through the 
annular mercury film for the full length of the tube to the actuating coil C which 
moves the pen arm. 
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which gets its movement from changes in pressure in the bulb and 
tube arrangement, which in turn are caused by changes in pressure 
of the fluid inside the system as the temperature changes. The sensi¬ 
tive bulb is filled with mercury, gas, or volatile fluid, and the tube, 
having a very minute capillary passage through its center, transmits 
pressure changes in the bulb to the arm actuating movement. (See 

Fig. 35.) 

Some recorders have an attachment of a second pen arm so that 
a record is made simultaneously with the one recorder of the oper¬ 
ation of a milk pump or other apparatus together with a temperature 
record. Recorders are also made with more than one bulb and pen 
in order to record more than one temperature. 

The mercury-filled type of instrument is well adapted to general 
use, as it is rugged and accurate. The vapor tension and gas-filled 
types are often used where it is necessary to disconnect and move the 
bulb frequently, as the tube system of these types is more flexible than 
that of the mercury-filled type. The other types are also specially 
advantageous where the recorder is situated long distances from the 
sensitive bulb. Most manufacturers make all types of bulb and tube 
systems. 


Electrical temperature recorders are widely used where extreme 
accuracy and instant reaction are required. 

Recording thermometers should be accurate within 1° F. Those 

which are used with holding-type pasteurizers should have a scale 

reading from 100° F. to 150° F., and should be printed with 1° F. 

scale divisions between 142° and 145° F. When used for high-temper- 

ature short-time pasteurization, the instrument should have a range 

from 150° to 200° F. and the chart should have 1° F. scale divisions 
between 159° and 162° F. 


The thermometer should be adjusted to read correctly at some 
point between 142° and 145° F. for the holding-type pasteurization, 

and at a point between 159° and 162° F. for short-time pasteurization. 

Checking the Recording-Thermometer Accuracy. Using a 40-quart 
milk can with the proper temperature water, usually with steam being 
allowed to enter the water, place the bulb of the recording thermometer, 
together with a test thermometer, in the water, stirring the water 
igorously all the time. After 2 minutes or more of agitation, or when 
the iccorder pen appears to have reached a constant reading, check 
t e temperature indications of both the recorder and the check ther¬ 
mometer. Any difference should then be corrected by means of the 
micrometer screw adjustment of the recorder. 
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It is recommended that the test thermometer should be an etched 
stem type made according to specifications of the U. S. Public Health 
Service, calibrated for 4-inch immersion, with a range of 128° F. to 
165° F., graduated in divisions. For testing other than pasteurizer 



Fig. 35. Principle of the Recording Thermometer. 

Pressure changes in the tube system of the thermometer cause a movement of the 
hollow spring. This movement Is used to move the pen arm across a chart which is 
rotated at a predetermined speed by means of a clock movement. 
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recorders an ordinary general test thermometer with a temperature 
range of 30° F. to 220° F. by 1° divisions is satisfactory. 


Care and Maintenance of Recording Thermometers 

1 . Do not mount the instrument where it will be subjected to 

excessive vibration. 

2 . Do not kink the flexible tubing that connects the bulb and the 
instrument. 


3. Clean the pen occasionally with hot water or alcohol to remove 
any dried ink. 

4. If a spring-type clock is used, the principal care is to have it 
cleaned and re-oiled about once a year and to make certain that it is 
not wound too tightly. 

5. Adjust the pressure of the pen so that it will not rest heavily on 
the chart. 

6 . The chart should be stored in a dry atmosphere, as moist charts 
do not take the ink clearly. 

7. Center new charts accurately when they are put into the ther¬ 
mometer. 

8 . Do not adjust the accuracy of the pen arm unless there is definite 
indication that it is really inaccurate. 


Temperature-Control Equipment. Automatic temperature control 
is much more accurate than hand control; most large pasteurizing 
systems today have automatic control of temperature. Also many 
controls are used on heaters and coolers of all types, including cold- 
storage rooms. A wide degree of sensitivity can be obtained if desired. 

The standard pasteurizer control, see Fig. 36, consists essentially 
of a sensitive bulb-and-tube system similar to that of a thermometer, 
but instead of operating a temperature-indicating pointer, the move¬ 
ment by means of air or electricity opens or closes a valve on the con¬ 
ductor of the heating or cooling medium, as the case may be, and 
thereby controls the temperature of the product at a predetermined 
point. The accuracy of this type of equipment depends largely upon 
a proper balance between the valves and system and upon the location 
of the sensitive bulb at a point where it is subject to good circulation 
of the fluid whose temperature is being controlled. 

Short-Time High-Temperature Pasteurizer Control. (Fig. 37.) 
This control employs three different elements: (1) a steam-pressure 
controller for maintaining a constant supply of steam to the diaphragm 
' a ve on the water-temperature control under conditions of forward 
°" - (2) a temperature controller for maintaining circulating water 
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Fig. 36. The Temperature Controller. 

The operation of the above temperature controller can best be understood by 
ence to the action of the controller when the temperature is at the control point. r*ote 
that the diagram shows the controller attached to an air-operated diaphragm valve on 
a steam line leading to a heating chamber the temperature of which is to be controiiea. 
The action of the controller is as follows, assuming that the heating medium is 
and that both the control mechanism and the diaphragm valve are direct acting, fur¬ 
ther, that the time lag and heat capacity of the apparatus require the controller to oe 

adjusted for low range sensitivity. , , Klrt „v 

It will be noted that nozzle 72A is carried on bellows 72B, and the nozzle diock 
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Courtesy of the Taylor Instrument Co. 


Fia. 37. Diagram of the Control Hook-up Used in Connection with the Operation 

of a Flow Diversion Valve. 

See Fig. 147 for hook-up in connection with a high-temperature short-time pas¬ 
teurizer. Note that the sensitive bulb of the controller must be located at the point 

in the system where it will accurately “feel” the temperature of the milk which is 
being controlled. 


at the correct temperature; (3) a safety thermal-limit recorder which 
serves three functions: first, it provides a record of the temperature of 
the milk leaving holder tube; second, it actuates electrically the flow 
diversion valve; third, it records whether the flow diversion valve is in 
forward flow or diverted flow of milk, depending upon whether bulb of 


^low^nl 1 ^ 7 - conne <^d by pipe 79. Thus, when the instrument is adjusted 
fhnt sensitivity a groove on the under side of plate 75 connects uorts 75A <51* 

Xmmotor e i P lA SSUre variations are applied to bellows 72 B a'sTre'ap® todil 

th** *h e temperature is throttling *at the control point (230° F.) as shown ahovp 

20 intn w bich enters the relay air valve 9 through pipe 21. bleeds through orificp 

at which 1 ?he 7 fli? 1 « t l/> Partia +i y esC i apes through the larger orifice in nozzle 72A. The rate 
and hafflci raa escapes through nozzle <2A is controlled by the clearance between it 

58A and adWi^ hl , Ch ' m J Urn ' ^ determined by the relative' positions of control lever 

the control poin t leV6r 64 : m 0ther words ’ by the elation of the indicating pointer to 

noz7l^°7‘> ) i le i» as .* be control point is maintained, the escape of air through the orificp in 
vaI™ h,n 4 v? at a instant rate. Bellows 17 remains correspondingly deflated and ,ir 

aiXrn 1 pip 4 e ’h^nTp^ n^fi ^ P ^ ition wbich throttles the^flowoVcL^ressed 

motor, the valve df sk n^ < ! ll^^in 7 » 9 '«v T uS, ?'. th a ffjven inflation of the diaphragm 
the apparatus k 11C 1 d fi ed P° sltlon and throttles the flow of steam to 

caus^Roi. t r < !i n n!, ei l Cy - 0f apparatus temperature to rise above the control point would 

transmi11edthro'ugh 8 1fnk°4]"tn* n^ Inter V° '<Vh • y i, ant J l ts clockwise movement would be 
42 to control lever'jft 4 .(which rotates about pivot 29) and by link 

with the iowernnd nt hc - ls attached to lever 58A. and held in contact 

Pivoted baffle farther 1 awn- /rom b n y o7 S 7 { lo ln -foI >3 ’ woul , d , P' ove the "Pper end of the 

through the orifire in tho * (2 4* Tln s woijld increase the escape of air 

lower jiip.rflivft Knii 1 ^bc nozzle which, in turn, would further deflate bellows 17 and 

11 and 79! e bal1 14, P r °P° rtlona tely increasing the output air pressure through pipes 

11C dowlw^i 1 ?! r 1 ease i d Pressure on the motor diaphragm 11A is forcing the valve disk 
air pressure is fnrtn red * U n n f* the flo ? T .°? steam to the apparatus, the same increase in 
follows the traveT of b„%p a L n A g s ^ ltlvl L v ‘ r ^ uoinf? bellows 72B so that the nozzle 72A 
of air through nozzfeMl f ° F - the M .“. e chan ^ in temperature, the escape 

than when ndiiiQtid e^I 2A i?- tiie ch ange in position of valve disk 11C would be less 
perfectly adinifn^ a ,higher sensitivity. Assuming the controller sensitivity to be 
would be inii nJ 3 f the Vt me lapr of the Process, the resulting decrease in steam inmit 

trol point 1 aS the apparatus C0llU1 absorb it without overshooting the con- 










































DAIRY ENGINEERING 


the safety thermal limit recorder is above or below the desired cut-out 
temperature. 

This device operates the flow diversion valve by opening and clos¬ 
ing an electrical circuit to the solenoid air valve mounted on the flow 
diversion valve itself. The solenoid air valve admits compressed air 
at 20 to 25 pounds pressure, which causes the flow diversion valve to 
assume a forward-flow position. When de-energized it releases air, 
allowing diversion. U. S. Public Health Service code requirements call 
for testing the safety thermal-limit recorder once each day to make 



Courtesy of the Creamery Package Mfg. Co. 


Fig. 38. The Flow Diversion Valve. 


certain that "it indicates and controls properly. The usual method of 
doing this is; near the end of the milk run, slowly reduce the milk 
temperature, say 1° F. per each half minute, and note whether the 
safety thermal-limit recorder records at the correct temperatures. 

The flow diversion valve, see Figs. 37 and 38, it will be noted, 
deflects the hot milk back to the heater if its temperature drops below 
the predetermined point. This valve is a modern development and is 











































HEAT MEASUREMENT, TRANSFER AND CONTROL 


105 


very effective in bringing about greater safety in pasteurization of milk. 
It prevents improperly heated milk from going to the cooler and bottles. 

The Automatic Batch Pasteurizer Control. This is an ingenious 
device which allows the milk in a vat to be heated up to the pasteur¬ 
izing temperature by means of hot heating water, then, as the pas¬ 
teurizing temperature is reached, the heating medium is automatically 


shut off or, in one type, held to a lower temperature which is just equal 
to pasteurizing temperature. 

Electric Controller. This device, Fig. 39, operates by means of a 
thermostat switch attached to a bulb and uses a small motor-operated 


Overflow 


, Milk 
^ Outlet 



Circulating 
Water Pump 

Courtesy of the Bristol Co. 

Fig. 39. Temperature-Control System Which Utilizes an Electrically Operated 
Steam Valve to Control the Temperature of Milk from a Heater. 

Note that a double unit controller is shown, which utilizes both the temperature 

of the heating water and the temperature of the heated milk to actuate the control 
mechanism. 

\al\ e T as compared to the plain direct-acting air-operated valve, Fig. 
40. This electric type is very good where long air lines would be ob¬ 
jectionable and where the investment in an air system and compressor 

would be undesirable. Figure 41 shows a direct-acting temperature 
controller. 

Care of Air-Operated Temperature-Control Equipment. This eon- 
sifctfe principally of keeping air and valves clean and free from moisture 
p Df °^’ a * r l* nes tight, and diaphragm valves in good working order, 
acking around the valve stems must be kept soft and pliable so 

Qua^Ff^ 0< f 8 ^ n< ^’ Valves must be of a size to correspond to the 
c n 1 ' °* ‘^tcam or product passed and to match the pressures encoun- 
er e . For best results the controls should be set close to the equipment 
"ith which they are to operate. 


















































































































































































































106 


DAIRY ENGINEERING 



n 


Air Inlet Qi Internal N.P.T.) 

\ 

nk n 



Diaphragm 
Drive Plate 

Push Rod 
Push Rod Guide 
Spring Adjusting Nut 

Spring 

^ Motor Frame 


Position Indicator 
Stem Locknut 
Stem 

Packing Gland 
Gland Nut 

Packing 
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Disc Locknut 
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Air-to-Open 


Air-to-Close 


Fig. 40, Detail of a Common Type of Air-Operated Diaphragm Valve. 

When air pressure is applied on top of the diaphragm, the diaphragm forces the 
stem down against the pressure of the spring and closes the valve or opens it, de¬ 
pending upon the construction of the valve as shown. A throttling action or an on 
and off action can be had with this valve, according to the type of controller used 
with it. The packing around the stem must be kept in good condition, as the valve 
will stick if packing is too tight or if the stem is rough. 


QUESTIONS 

1. Define heat. 

2. What is the standard unit of heat? 

3. What is temperature? 

4. What are the two principal temperature scales? 

5. What is the centigrade temperature corresponding to 142° Fahrenheit? 

6. What are the two kinds of heat? 

7. Name three methods of heat transfer. 

8. What is the effect of the “surface film” in heat transfer? 

9. Name the factors which aid and those which hinder good heat transfer 

in a pasteurizer. 

10. For heating by convection, should the heat be supplied at the top or 
bottom of the vat? 
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Fig. 41. The Direct-Acting Temperature Controller. 

chanl! h l S / a !r ‘I * 6 sensitive bulb is ratber large and contains a volatile liquid which 
coZun , C ° t ‘ T y “ Pr6SSUre aS thC tem P erature changes, and this pressure Is 

™,r '"' i •««“ » a. Hepburn o, the con- 

Is suitahio t Va Ve the “ 0perates as a direct-action controller. This type of valve 
operated valves. C ° arSe temperature CoDtro1 as compared to the air and electrically 
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13. Name °* POll f hed 8UrfaCe better for radiatin g heat? Explain, 
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CHAPTER VII 


STEAM AND ITS USE IN THE DAIRY 

Steam is the most popular source of heat for general use in the 
dairy plant because of its economy, flexibility, and other properties 
which adapt it for conveying large quantities of heat from a heat 
source to the product which is to be processed. 



Quantity of Heat in B.t.u. 

Fig. 42 . Heat-Temperature Diagram for Water at Sea Level and Atmospheric 

Pressure. 


Steam is defined as water in a vaporous or gaseous state, usually 
at temperatures of 180° F. or above. It is formed by the boiling of 
water, through the process of vaporization, due to the addition of heat. 

Steam at moderate pressures is lighter than air; thus it tends to 
rise when released in the air. One pound of water when changed 
into steam at atmospheric pressure occupies 26.79 cubic feet; at 100 

pounds pressure, only 3.89 cubic feet. 

Formation, of Steam. In studying the formation of steam from 
water, Fig. 42, which shows the heat-temperature relationship for 
water at atmospheric pressure, will be found of value. It will be note 
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that, in the formation of steam, there are, first, the addition of so- 
called sensible heat, which raises the temperature of the water to the 
boiling point; and second, the heat of vaporization, which does not 
change the temperature at the boiling point, but does cause the water 
to. vaporize into steam. The latent heat of vaporization is composed 
of the internal and external latent heats. The former is the heat re¬ 
quired to separate the water molecules so that a vapor can be formed. 
The latter is the heat that must be added to permit the volume of 
water to expand against the atmospheric pressure as it changes into 
steam. From the chart it will be observed that, in the sensible heat 
range below boiling, 1 B.t.u. of heat is required to raise the tempera¬ 
ture of 1 pound of water 1° F., whereas, at the boiling point, 970.4 
B.t.u. is required to change 1 pound of water into vapor at the same 
temperature and atmospheric pressure. If further heat is added, the 
temperature of the steam rises and the steam becomes superheated. 
For each degree of temperature rise, 0.47 B.t.u. is required per pound. 
A problem illustrating this process follows: 

Problem. Find the heat required to change 1 lb. of water at 50° F. into 
steam at atmospheric pressure, assuming the specific heat of water to be 1. 

Solution. By reference to the chart, it will be noted that: 

Sensible heat added = (212 — 50) X (1) X (1) = 162 B.t.u. 

Latent heat added at 212° F. = 970.4 B.t.u. 

Total heat of steam at atmospheric pressure and 212° F. = 1,132.4 B.t.u. 

Thus, every pound of water will require 1,132.4 B.t.u. to change it into steam 
under the conditions noted. If the steam were condensed back and the water 
cooled to 50° F., an equal amount of heat, or 1,132.4 B.t.u., would be given up. 

If, in the preceding example, the pressure were maintained con¬ 
stant and more heat were added after all the water was vaporized, the 
temperature of the steam would rise and the steam would become 
superheated. Then each pound of steam would require 0.47 B.t.u. 
additional heat for each degree temperature rise. To raise the tem¬ 
perature of the steam to 232° F., giving 20° superheat, a total of (1 

lb.) X (232-212) X (0.47 B.t.u. per pound per degree Fahrenheit) = 
9.40 B.t.u. additional would be required. 

Forms of Steam. There are three forms in which steam may be 
found, depending on the amount of heat and moisture contained. 
First is dry saturated steam, which is steam formed when water is 
vaporized and contains no droplets of water or any superheat; i.e. if 
it was cooled at all, some free moisture would condense out, and if it 
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were heated at all, the temperature would rise, making superheated 

steam at the same pressure. One pound by weight of saturated steam 

at atmospheric pressure occupies 26.79 cubic feet, and its latent heat 
of vaporization is 970.4 B.t.u. 

Wet steam is a mixture of dry saturated steam and water. The 
water is at the same temperature as the steam with which it is mixed. 
The water might be in any form but is usually found as drops or films 
of water. Saturated steam, if cooled slightly, will become wet; for 
example, if steam is carried for some distance in a pipe, it loses heat, 
and some of the vapor condenses out to form moisture droplets. This 
is the kind of steam usually found in dairy plants. 

The quality of wet steam is the weight of the dry saturated steam 
in this wet steam expressed as a percentage by weight of the wet 
steam. If the wet steam has a quality of 95 per cent, 95 per cent of 
every pound of the mixture is composed of dry saturated vapor and 
5 per cent by weight is in the form of water droplets. In the above 
example in every pound of mixture there would be 0.95 pound of dry 
saturated vapor and 0.05 pound of water. The total heat of wet steam 
at a given pressure is less than that of dry saturated steam. 

If 1 pound of dry saturated steam is condensed at atmospheric 
pressure, it will give up 970.4 B.t.u., but if the steam is only 95 per 
cent quality, it will give up only 0.95 X 970.4 = 921.8 B.t.u. since 5 
per cent of the so-called steam is already in the form of water. 

Superheated steam is saturated steam which has been heated at 
constant pressure so that its temperature is higher than that of satu¬ 
rated steam at the same pressure. The temperature depends upon 
the amount of heat which has been added. If superheated steam gives 
up some heat, its temperature will fall to the temperature of saturated 
steam at the same pressure before it begins to condense. If addi¬ 
tional heat is removed the steam will condense at the same pressure. 
Superheated steam is obtained by means of special superheating coils 
in a boiler or by reducing the pressure of high-pressure steam through 
a throttling valve. Superheated steam is of little importance in the 
dairy industry. 

General Properties of Steam. The properties of steam depend 
considerably upon its temperature and pressure, as reference to the 
steam table will show. One of the most important is that the tem¬ 
perature of saturated steam depends upon its pressure and at any 
given pressure it can have only one temperature. The higher the 
pressure, the higher the temperature; for example, saturated steam 
at atmospheric pressure has a temperature of 212° F., but at 100 
pounds pressure per square inch the temperature is 337.9° F. This 



STEAM AND ITS USE IN THE DAIRY 


111 


TABLE XXII 


Steam Table 


Properties of Saturated Steam from 20.8 Inches Vacuum to 

Atmospheric Pressure 

Vacuum in In. 


of Mercury 


Referred to a 

Abs. 


Specific 


Total 

30-In. Bar 

Press., 


Vol., 

Heat 

I leat 

(mercury at 

lb. per 

Temp. 

cu. ft. 

of the 

of 

58.4° F.) 

sq. in. 

Fahr. 

per lb. 

Liquid 

Steam 

29.8 

0.0977 

34.42 

3004.0 

2.43 

1074.4 

29.6 

0.1954 

52.60 

1554.0 

20.68 

1082.5 

29.4 

0.293 

63.86 

1063.0 

31.93 

1087.5 

29.2 

0.390 

72.27 

810.0 

40.32 

1091.3 

28.9 

0.537 

81.97 

599.3 

50.00 

1095.6 

28.6 

0.684 

89.47 

476.9 

57.47 

1098.9 

28.4 

0.781 

93.79 

419.6 

61.78 

1100.9 

28.1 

0.028 

99.45 

356.4 

67.42 

1103.4 

27.9 

1.026 

102.79 

324.1 

70.75 

1104.8 

27.6 

1.172 

107.30 

286.0 

75.25 

1106.8 

27.4 

1.270 

110.05 

265.1 

77.99 

1108.0 

27.2 

1.368 

112.63 

247.2 

80.56 

1109.1 

27.1 

1.417 

113.87 

239.2 

81.80 

1109.6 

26.9 

1.514 

116.20 

224.6 

84.12 

1110.7 

26.6 

1.661 

119.50 

205.8 

87.41 

1112.2 

26.5 

1.710 

120.55 

200.2 

88.46 

1112.6 

26.4 

1.759 

121.55 

195.1 

89.46 

1113.0 

26.1 

1.905 

124.45 

181.0 

92.34 

1114.3 

25.9 

2.003 

126.28 

172.7 

94.18 

1114.9 

25.6 

2.150 

128.90 

161.5 

96.79 

1116.1 

25.4 

2.24 

130.59 

154.8 

98.48 

1116.0 

25.1 

2.39 

133.00 

145.8 

100.88 

1118.0 

24.0 

2.93 

140.64 

129.0 

108.51 

1121.3 

21.0 f 

4.39 

157.00 

82.6 

124.86 

1128.2 

19.0 

5.37 

165.42 

68.5 

133.28 

1131.8 

16.0 

6.84 

175.93 

54.6 

143.80 

1136.1 

14.0 

7.81 

181.92 

49.03 

149.80 

1138.6 

11.0 

9.28 

189.83 

41.05 

157.73 

1141.7 

9 . 0 

10.26 

194.52 

37.40 

162.44 

1143.6 

6.0 

11.72 

200.94 

33.00 

168.88 

1146.3 

4.0 

12.70 

204.85 

30.62 

172.81 

1147.6 

2.0 
i A A 

13.68 

208.52 

28.57 

176.50 

1149.1 

0.0 

14.67 

212.00 

26.79 

180.00 

1150.4 


* Zero vacuum is atmospheric pressure or 14.7 lb. absolute pressure 
am at pressures above atmosphere see Table XXIII. 


For properties of saturated 
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TABLE XXIII 
Steam Table 


Properties of Saturated Steam, 0 to 200 Pounds Gauge 




Specific 


Total 



Vol., 

Heat 

Heat 

Pressure, 

Temp, 

cu, ft. 

of the 

of 

lb. Gauge 

Fahr. 

per lb. 

Liquid 

Steam 

0 

212.0 

26.79 

180.0 

1150.4 

1 

215.3 

25.23 

183.4 

1151.6 

2 

218.5 

23.80 

186.6 

1152.8 

3 

221,5 

22.53 

189.6 

1153.9 

4 

224.4 

21.40 

192.5 

1154.9 

5 

227.2 

20.38 


1155.9 

6 

229.8 

19.45 

198.0 

1156.8 

7 

232.4 

18.61 


1157.8 

8 

234.8 

17.85 

203.1 

1158.6 

9 

237.1 

17.14 

205.4 

1159.4 

10 

239.4 

16.49 


1160.2 

11 

241.6 

15.89 

209.9 

1161.0 

12 

243.7 

15.34 

212.1 

1161.7 

13 

245.8 

14.82 

214.2 

1162.4 

14 

247.8 

14.33 

216.2 

1163.0 

15 

249.7 

13.88 

218.2 

1163.7 

16 

251.6 

13.45 

220.1 

1164.3 

17 

253.5 

13.05 

222.0 

1164.9 

18 

255.3 

12.68 

223.9 

1165.5 

19 

257.1 

IT 

12.33 

225.7 

1166.1 

20 

258.8 

11.99 

227.4 

1166.7 

21 


11.67 

229.1 

1167.2 

22 

262.1 

11.38 


1167.7 

23 

263.7 


232.4 

1168.2 

24 

265.3 



1168.8 

25 

266.9 

10.57 

235.6 

1169.3 

26 

268.3 

11.32 

237.2 

1169.7 

27 

269.8 

10.00 

238.7 

1170.2 

28 

271.3 

9.86 

240.1 

1170.6 

29 

272.7 

9.65 

241.6 

1171.1 

30 

274.1 

9.45 

243.0 

1171.5 

32 

276.8 

9.07 

245.7 

1172.3 

34 

279.4 

8.72 

248.4 

1173.1 

36 

281.9 

8.40 

251.0 

1173.9 

38 

284.3 

8.10 

253.5 

1174.6 
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TABLE XXIII— (Continued) 

Steam Table 

Properties of Saturated Steam, 0 to 200 Pounds Gauge 


Pressure, 

Temp. 

Specific 
VoL, 
cu. ft. 

Heat 
of the 

Total 

Heat 

of 

lb. Gauge 

Fahr. 

per lb. 

Liquid 

Steam 

40 

286.7 

7.82 

255.9 

1175.3 

42 

289.0 

7.56 

258.3 

1175.9 

44 

291.3 

7.32 

260.6 

1176.6 

46 

293.5 

7.09 

262.9 

1177.2 

48 

295.6 

6.88 

265.1 

1177.8 


50 

297.7 

6.68 

267.2 

1178.4 

52 

299.7 

6.50 

269.3 

1178.9 

54 

301.7 

6.32 

271.3 

1179.5 

56 

303.6 

6.14 

273.3 

1180.0 

58 

303.5 

5.98 

275.2 

1180.5 

60 

307.3 

5.83 

277.1 

1181.0 

62 

309.1 

5.69 

279.0 

1181.5 

64 

310.9 

5.56 

280.8 

1182.0 

66 

312.6 

5.43 

282.6 

1182.4 

68 

314.4 

5.30 

284.4 

1182.9 

70 

316.0 

5.18 

286.1 

1183.3 

72 

317.7 

5.07 

287.8 

1183.7 

74 

319.3 

4.96 

289.5 

1184.1 

76 

320.9 

4.86 

291.1 

1184.5 

78 

322.4 

4.76 

292.7 

1184.9 

80 

323.9 

4.67 

294.3 

1185.3 

82 

325.4 

4.57 

295.9 

1185.7 

84 

326.9 

4.48 

297.4 

1186.1 

86 

328.4 

4.400 

298.9 

1186.4 

88 

329.8 

4.319 

300.4 

1186.8 

90 

331.2 

4.241 

301.8 

1187.1 

92 

332.5 

4.166 

303.2 

1187.5 

94 

333.9 

4.093 

i 

304.6 

1187.8 

96 

335.2 

4.023 

306.0 

1188.1 

98 

336.0 

3.955 

307.4 

1188.5 

100 

337.9 

3.890 

308.8 

1188.8 

102 

339.2 

3.826 

310.1 

1189.1 

104 

340.4 

3.765 

311.4 

1189.4 

106 

341.7 

3.706 

313.5 

1189.7 

108 

343.0 

3.648 

314.1 

1189.9 
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TABLE XXIII—( Continued ) 
Steam Table 


Properties of Saturated Steam, 0 to 200 Pounds Gauge 




Specific 


Total 



Vol., 

Heat 

Heat 

Pressure, 

Temp. 

cu. ft. 

of the 

of 

lb. Gauge 

Fahr. 

per lb. 

Liquid 

Steam 

110 

344.2 

3.591 

315.3 

1190.2 

112 

345.4 

3.538 

316.6 

1190.5 

114 

346.6 

3.486 

317.8 

1190.8 

116 

347.8 

3.435 

319.1 

1191.1 

118 

348.9 

3.385 

320.3 

1191.3 

120 

350.1 

3.338 

321.5 

1191.6 

122 

351.2 

3.292 

322.7 

1191.8 

124 

352.4 

3.248 

323.8 

1192.1 

126 

353.5 

3.204 

325.0 

1192.3 

128 

354.6 

3.160 

362.2 

1192.6 

130 

355.7 

3.118 

327.3 

1192.8 

132 

356.7 

3.078 

328.4 

1193.0 

134 

357.8 

3.039 

329.5 

1193.3 

136 

358.9 

2.999 

330.6 

1193.5 

138 

359.9 

2.961 

331.8 

1193.7 

140 

360.9 

2.925 

332.8 

1193.9 

142 

362.0 

2.890 

333.9 

1194.2 

144 

363.0 

3.856 

335.0 

1194.4 

146 

364.0 

2.823 

336.0 

1194.6 

148 

365.0 

2.790 

337.1 

1194.8 

150 

365.9 

2.758 

338.1 

1195.0 

152 

366.9 

2.726 

339.1 

1195.2 

154 

367.9 

2.695 

340.1 

1195.4 

156 

368.8 

2.665 

341.1 

1195.5 

158 

369.8 

2.635 

342.1 

1195.7 

160 

370.7 

2.606 

343.1 

1195.9 

162 

371.6 

2.578 

344.1 

1196.1 

164 

372.6 

2.551 

345.1 

1196.3 

166 

373.5 

2.524 

346.0 

1196.5 

168 

374.4 

2.498 

347.0 

1196.7 

170 

375.3 

2.472 

347.9 

1196.8 

172 

376.2 

2.447 

348.9 

1197.0 

174 

377.1 

2.422 

349.8 

1197.2 

176 

377.9 

2.397 

350.7 

1197.3 

178 

378.8 

2.373 

351.6 

1197.5 
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TABLE XXIII— (Continued) 

Steam Table 


115 


Properties 

of Saturated Steam, 

0 to 200 

Pounds Gauge 



Specific 


Total 



Vol., 

Heat 

Heat- 

Pressure, 

Temp. 

cu. ft. 

of the 

of 

lb. Gauge 

Fahr. 

per lb. 

Liquid 

Steam 

180 

379.7 

2.350 

352.6 

1197.7 

182 

380.5 

2.327 

353.5 

1197.8 

184 

381.3 

2.304 

354.3 

1198.0 

186 

382.2 

2.282 

355.2 

1198.2 

188 

383.0 

2.261 

356.1 

1198.3 

190 

383.9 

2.240 

357.0 

1198.5 

192 

384.7 

2.220 

357.9 

1198.6 

194 

385.5 

2.200 

358.7 

1198.8 

196 

386.3 

2.180 

359.5 

1198.9 

198 

387.1 

2.161 

360.4 

1199.1 

200 

387.9 

2.141 

361.3 

1199.2 


feature is of great practical significance, for it means that the tem¬ 
perature of heating coils carrying steam that is not superheated can 

be closely controlled by means of the pressure. It also is a great aid 
in uniformity of heating. 


Steam is a good solvent for many materials and is perhaps the 
best practical sterilizing medium for general plant use. 

Use of the Steam Table. A working knowledge of the steam tables, 
XXII and XXIII, is necessary for proper solution of most steam heat¬ 
ing problems and problems of evaporation. Reference to these tables 
shows data concerning the heat content of the steam and liquid under 
various conditions of pressure and temperatures. Table XXII is for 
saturated steam from 29.8 inches vacuum to atmospheric pressure, and 
Table XXIII is for saturated steam up to 200 pounds pressure. Each 
table gives values per pound of steam. It will be noted that, in the 
tables, all heat contents are calculated as above the heat content of 
water at 32° F.; that is, water at 32° F. is assumed arbitrarily to con¬ 
tain no heat. It is obvious that the water contains some heat at 32° F • 
however, there must be a starting point or reference point for calcula- 
ions, and 32° F. seems to be most satisfactory. The heat of the liquid 
;ohmm gives a value of 180.00 B.t.u. at 212" F. This means that 

. V was absorbed hy 1 pound of water, in passing from 

-r . 10 water at 212 b. In the column marked saturated 
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vapor is given the figure 1,150.4. This means that it was necessary to 
add 1,150.4 B.t.u. to every pound of water at 32° F. to raise it to satu¬ 
rated steam at 212° F. The total heat of the steam is made up of the 
sum of the heat of the liquid plus the latent heat of vaporization. Thus 

Total heat = 180 + 970.4 = 1,150.4 B.t.u. 

The latent heat of vaporization can always be found by subtracting 
the heat of the liquid from the total heat; thus, at 120 pounds per 
square inch gauge pressure or a temperature of 350° F. 

Total heat = 1,191.6 

Heat of liquid = 321.5 

Latent heat of vaporization = 870.1 B.t.u. 

Note that, as the pressure increases, the latent heat becomes less, 
and the sensible heat or heat of the liquid, more. The sensible heat 
is approximately equal to 1 B.t.u. for each degree above 32° F. For 

example, at 100 pounds per square inch gauge pressure, the steam 
temperature is 337.9° F.; then 337.9 — 32 = 305.9° F. = temperature 

above 32° F. Hence the heat of the liquid is approximately 306 
(actually 308.8 B.t.u. by table) B.t.u. per pound. The heat of vapori¬ 
zation must at all times be obtained from the table. 

The value of the steam table is illustrated by a practical calcula¬ 
tion. 

Example. Find the amount of steam required at 85% efficiency to heat 
1,000 lb. of milk from 60° F. to 145° F., considering that steam is at 50 lb. 
gauge pressure per square inch. 


Non-return 

Valve 



Fig. 43. The Horizontal Return Tubular Boiler. 
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Quality of steam is 95% 

Condensate leaves at 160° F. 

Efficiency of heater is 85% 

Specific heat of milk 0.93 

1,000 X 0.93 (specific heat of milk) X (145 - 60) = ^ qqq B ^ u 

0.85 (efficiency) 

Heat obtained per pound of steam 

= Total heat of steam - Total heat of condensate above 32° F. 

Total heat of steam = 1,178.4 B.t.u. 

Total heat of liquid = 267.2 B.t.u. 

Latent heat of steam = 911.2 B.t.u. 

Latent heat of 95% steam = 911.2 X 0.95 = 865.64 B.t.u. 

Total heat of 95% steam = 865.64 + 267.2 = 1,132.84 B.t.u. 

Total heat of condensate at 160° F. = 160 — 32 = 128.00 B.t.u. 

Net total heat obtained from 1 lb. of steam = 1,004.84 B.t.u. 

Total heat required 93,000 ™ r , 

-2- — -= 92.9 lb. = Weight of steam required 

Heat per pound of steam 1,004.84 

STEAM BOILERS 

The steam boiler is a pressure vessel designed to generate steam; 
it consists essentially of a closed chamber having space for water and 
space above that for steam, usually with tubes which carry either 
water or hot gases. A self-contained boiler has the furnace built in; 
others require a separate furnace. Most small dairy plants use the 
self-contained boiler because of its compactness and simplicity. Boil¬ 
ers of 50 to 100 horsepower or larger are frequently made with a 
separate furnace. 

Boilers may be of the fire-tube type or the water-tube type, de¬ 
pending upon whether the hot gases or the water is inside the tubes. 
The water-tube boiler is usually built in only the larger sizes. It is 
usually quicker heating and is not so dangerous in the event of an 
explosion. The fire-tube boiler is most often used in small plants. 

Boilers may be of the vertical or horizontal type, as regards the 
position of the tubes. Usually vertical tubes are used on only the 
small boilers of 10 horsepower or less. A vertical flueless type of 
boiler is currently in use and has some advantage from the standpoint 
of simplicity. The marine-type boiler, Fig. 47, is very popular with 
dairymen on account of its compactness and simplicity. The horizontal 


Solution . 
Heat required = 
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return tubular boiler, Fig. 43, is perhaps the most popular for medium- 
sized and large installations, although any boiler over 200 horsepower 
may well be of the water-tube type, Fig. 44. Boilers of the return 
tubular and marine type are quite adaptable to use in the dairy in¬ 
dustry because they hold large quantities of steam and water and are 
capable of handling short peak loads much better than boilers which 

have only a small volume of water. The large amount of water acts 
as a heat reservoir. 



Fig. 44. The Water-Tube Boiler. 


Steam Generators and Automatic Boilers. Many dairies and milk 
plants are now using oil- or gas-fired boilers that are automatically 
controlled, thereby reducing greatly the attention that must ordinarily 
be given a boiler when operating. The automatic features are complete, 
covering such matters as pressure control, water level, and low water 
alarm. 

Even though these boilers are automatic, it is very essential that 
they be checked occasionally throughout the day, and that the controls 
be serviced at regular intervals. A typical automatic boiler with usual 
type of controls is shown in Fig. 45. 

A modified type of automatic boiler is known as the steam generator, 
and is shown in Fig. 46. The principal feature of a so-called steam 
generator is that it contains a relatively small amount of water in 
comparison to the amount of heating surface, and, therefore, is able to 
raise steam pressure to operating range in only a few minutes. This 
feature is of assistance in starting in the morning and also in handling 
greatly fluctuating loads throughout the day. 
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Steam generators arc more sensitive to imperfections in operating 
controls and to variations in fuels and water than other boilers but 
will give good service if properly installed and handled. 



Courtesy of the C. H. Dutton Mfg . Co. 

Fig. 45. An Automatic Type Boiler. 


Farm Boilers. Many dairy farmers require a small boiler for gen¬ 
erating steam for sterilizing and heating purposes. The usual type of 
boiler used for this purpose is the vertical flue, the vertical flueless, or 
the horizontal tubular. All three are made in small sizes, from 1 to 

2 horsepower up. The so-called flueless type and the horizontal tubular 
type are perhaps the most popular. 

Farm boilers are frequently heated by means of coal or coke. 

However, in many parts of the country natural gas, bottled gas, or 

oil aie piefcried on account of their simplicity, easy handling, and 
cleanliness. 

It is rather difficult to determine accurately the size boiler needed 

for farm operation, and it is suggested that it is always best to err on 

the side of having a boiler somewhat too large, rather than too small. 

I sually it is possible to visit a farm installation where similar hot- 

water heating problems are encountered and note the size of the boiler 
used, and whether it is satisfactory. 

Farm boilers should, of course, be fitted with all the necessary safety 

" rclict valve '" •“*. 
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The Electric Stea: 


i Boiler. In localities where the cost of electricity 
is very low, dairies have found an automatic electrically heated steam 
boiler to be quite practical. It is the cleanest type of boiler, and the 
heat efficiency is practically 100 per cent. There is no problem of 
cleaning tubes, and the boiler is very simple in construction. 



Courtesy of the Kara nee Boiler Cory. 

Fig. 47. The Scotch Marine-Type Boiler. 

Rating of Boilers. Boilers are generally rated on the basis of the 
ammmt of water they can evaporate in a given time under standard 

conditions. The standard unit .is the boiler horsepower, and this is 
equivalent to the evaporation of 34.5 pounds of water per hour from 
and at 212° F. into steam at the same temperature; it has no con¬ 
nection with the term mechanical horsepower as used in the rating of 

01 motor ‘ s ' ®’ nce the latent heat of vaporization at 212° F. is 
t • .t.u., the B.t.u. equivalent of a boiler horsepower is 

970.4 X 34.5 = 33,479 B.t.u. 
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The term boiler horsepower is of value in 
lems, as follows. 


figuring heating prob- 


Problem. Find the boiler horsepower required to heat 2,000 lb. of water 
from 60° to 160° F. in 1 hour. Assume the specific heat of water to be 1. 


Solution: 


(Pounds of water) X 


B.h.p. = 


l. per pound 
degree F. 

33,479 


= 2,000 X 1 X (160 - 60) = 200,000 _ 

33,479 ~ 33,479 “ 5 ’ % 

The actual performance of a boiler in delivering 10 boiler horse¬ 
power does not mean that a steam engine driven by it would develop 
10 mechanical horsepower, as the boiler horsepower is purely an arbi¬ 
trary unit based upon the B.t.u. absorbed by the water in the boiler, 
and, in practice, the actual mechanical horsepower produced might 
vary from 0.4 to 3.8, depending upon the efficiency of the engine. 

Boilers are rated also on the basis of the heating surface, although 
this is an elastic method, since, if the boiler is forced, it may develop 
several times its rated capacity. It has been found that an evapora¬ 
tion of 3 pounds of water from and at 212° F. per hour for each square 
foot of heating surface is good average performance for a medium¬ 
sized fire-tube boiler. 

Manufacturers of horizontal return tubular type (H.R.T.) fire- 
tube boilers can expect 1 horsepower per 11.5 to 15 square feet of 
heating surface. With the Scotch-type boiler, about 5 square feet 
per horsepower is usually allowed. Water-tube-boiler manufacturers 
frequently allow 10 square feet of heating surface per horsepower. 
The heating surface consists of all plates or tubes having water on 
one side and hot gases on the other. The A.S.M.E. recommends that 
the area of the plates on the hot-gas side of the surface be used in 
making the computations. 

Problem. Figure the boiler horsepower of a water-tube boiler having 
10,000 sq. ft. of heating surface. 


Solution: 


Hp. = 


Sq. ft. area of heating surface 


10,000 

10 


10 


= 1,000 hp. 
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If the amount of heating surface of a boiler is known, the boiler 

horsepower can be quite closely computed. 

Boiler Strength and Safety. The steam boiler, on account of the 
tremendous amount of stored-up energy in the steam and water, when 


under pressure, is a very dangerous object if it is not cared for prop¬ 
erly. Stringent safety regulations and inspection have reduced the 
number of accidents due to boiler explosion, but still many accidents 

occur every year in spite of the best precautions. No boiler should be 
purchased which does not carry the stamp of the A.S.M.E. Code, indi¬ 
cating that it is constructed to meet certain standard requirements. It 
is essential that the boiler be made of the best materials, that it be 
carefully checked every year for corrosion or pitting, and that safety 
devices such as relief valves and fusible plugs be kept in good operating 
condition. The usual causes of boiler failure are: (1) pressure too high 
owing to safety valve not operating; (2) overheating of plates due to 
low water; (3) pitting and corrosion. 

The operator should realize that the strength of pressure vessels 
is influenced very greatly by their diameter. See Fig. 48. The 
formula 



RP 

T 


in which S — tensile stress in metal of boiler drum in pounds per square 

inch, 

R = radius of the boiler in inches, 

P = internal boiler pressure in pounds per square inch, 

T = thickness of the boiler plate in inches, 

give? the stress in a longitudinal section of a thin-walled cylinder 
and covers this general class of vessels. 


Problem. Find the tensile stress in the shell of a boiler having a circular 

section of 30-in. in diameter, made of ^-in. steel, with steam at 100 lb. per 
sq. in. pressure. * ^ 

Solution: 



15 X 100 
0.25 


6,000 lb. per sq. in. 


Since boiler steel usually has a tensile strength of 55,000 pounds 
per square inch in the above example the apparent factor of safety 

d be ~6£00 =916 ’ if the longitudinal seam were as strong as 
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the boiler shell metal. The usual double rivet seam is only approxi¬ 
mately 70 per cent as strong as the shell metal, so the factor of safety 


would be 


55,000 X 0.70 
6,000 


6.41. Substitution of values for tubes or 


drums of larger size in the above formula shows that, with the same 


thickness of plate, the factor of safety will be lower with larger diame¬ 


ters and higher with small diameters. This explains why very high 
pressures can be carried successfully in small tubes. 



Fig. 48. 


The bursting strength of boilers and tubes is greatly affected by their diameter. 
Force tending to pull tube apart at A equals: 

qO y TOO 

for 30-in.-diameter tube -^-— 1,500 lb. per inch tube length. 

fi v i no 

for 6 -in.-dlameter tube - 3 - — 300 lb. per inch tube length. 


FUELS AND COMBUSTION 

Fuels. The most commonly used fuels for dairy plants are coal, 
oil, and gas. Each has its advantages, and the choice of fuel will de¬ 
pend largely upon local conditions and the size of the installation. 

Oil and gas have the advantage of lending themselves very simply to 
automatic control and are clean; however, the modern stoker, such as 
shown in Fig. 49, as well as the oil burner, as in Fig. 50, is very satis¬ 
factory and gives a measure of automatic firing which is remarkable. 
It is essential that the boiler and furnace be designed for the par¬ 
ticular fuel which is to be used, if economy and satisfaction are to 
be obtained. 

The heating value of various fuels differs greatly, and it is neces¬ 
sary for the plant engineer to check the actual cost per B.t.u. in order 
to arrive at a comparison of values of fuels. Table XXIV shows the 

commonly accepted values for certain standard fuels. 

Types of Coal. Hard coal or anthracite ignites very slowly and 

burns at a high temperature. It is black in color and has a shiny 
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metallic luster. It gives off practically no sparks and very little flame. 
It is not widely used for power purposes; however, for certain special 
uses where lack of smoke is an important item it might be considered. 
A somewhat lighter grade, called semi-bituminous coal, has many of 
the characteristics of hard coal but more volatile matter. It burns 
more rapidly than the ordinary hard coal. 



Fig. 49. The Augur-Feed-Type Automatic Stoker for Boilers. 


Bituminous or soft coal is the principal type of coal used in in¬ 
dustry. This ignites readily and burns with a bright flame. It is very 
homogeneous and has a dull luster. The bituminous coals are divided 
into three principal types: the coking, the non-coking, and the so- 
called cannel coal. The non-coking coal is the type most commonly 


Fuel Tube Tip 
(Stationary) 
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Fig. 50. The Motor-Driven-Type Rotary Oil Burner. 
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desired for general power-plant use, as the lumps of coal and clinkers 
do not fuse together on being heated as much as in some other types. 

Lignite is coal of very recent formation, and the analysis is almost 
the same as that for peat. It is usually of a somewhat brownish color, 
and it usually resembles wood. The better grades of lignite have a 
dull luster. The heating value of lignite is relatively low. 

The most important points to consider in the purchase of coal are: 
(1) moisture content, (2) volatile matter, (3) fixed carbon content 

■? 

(4) ash, (5) sulphur, (6) heat value in B.t.u. per pound. Moisture, 
ash, and sulphur should be as low as possible, and the heat value should 
be as high as possible. 


TABLE XXIV 


Heat Value of Various Fuels 


Fuel 

B.t.u. per Lb. 

Anthracite coal 

14,000 —16,000 

Semi-anthracite coal 

14,700— 15,500 

Semi-bituminous coal 

15,500 —16,000 

Bituminous eastern coal 

14,800 —15,700 

Bituminous western coal 

13,000 —14,800 

Lignite 

11,000 —13,500 

Oak wood 

8,316 

Ash wood 

8,480 

Pine Wood 

9,153 

Oil, Calif. Bakersfield 

18,257 1 bbl. oil = 331 lb. 

Oil, Texas Beaumont 

19,060 1 gal. oil — 8 lb. 

Gas, natural Pittsburgh 

899 B.t.u. per cu. ft. 

Gas, artificial 

500 B.t.u. per cu. ft. 


Difficulties due to clinkers are often encountered in the firing of 
coal-fired boilers. One of the best remedies is to purchase a coal with 
a low clinkering characteristic. The other important point is to operate 
the fire so that the ash forming in the fuel bed is kept at a temperature 
below that of the fusion point of the clinkers. This is usually accom¬ 
plished by means of uniform firing and having a bed of coals not too 
deep. 

For large installations, powdered coal is often satisfactory. It does 
present a problem of fly ash but gives great flexibility of operation. 

Liquid Fuels. Liquid fuel is particularly adaptable to use in the 
dairy plant, not only from the standpoint of its cleanliness but also 
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because with liquid fuel a very high degree of automatic operation is 
easily attained, thereby reducing greatly the number of man-hours 
required for the supervision and operation of the boiler. Some of the 
other advantages are: (1) elimination of dust and ashes, (2) simplified 
methods of handling and storing, (3) lower stand-by losses, (4) reduc¬ 
tion in labor, (5) much more uniform heating, (6) reduced cost of 
maintenance. 

The efficiency of an oil-fired plant of the size normally encountered 
in the dairy is usually much higher than that of a hand-fired coal-burn¬ 
ing plant, but perhaps about the same as that of a good, modern, stoker- 
fired plant. 

Ordinarily the heating value of a pound of oil will vary from 18,000 
to 19,500 B.t.u. per pound for crude oil. Most of the oils run nearer 
19,000 B.t.u. 

Fop small boilers, and in some localities even for moderate-sized 
boilers, bottled gas may be very successfully and economically used as 
a fuel. This would be particularly valuable for farm use. The heating 
value of bottled gas is approximately 21,300 B.t.u. per pound for butane 
and 21,600 B.t.u. for propane. 

Gas Fuel. In many parts of the country, natural gas has become 
a very widely used material. Where available, at moderate prices, it 
is perhaps the cleanest type of fuel, with the exception of the bottled 
gas, and it lends itself very nicely to dairy use on account of simplicity 
and the ease with which it may be fired automatically. Reference to 
Figs. 45 and 46 shows the type of control apparatus needed in an auto¬ 
matically fired gas-heated boiler. In the case of gas-fired boilers, as 
well as oil-fired boilers, the brick work and refractory should be set 

up specifically for the fuel to be used. An experienced engineer should 
determine the actual design of the setting. 

Finding the Pounds of Fuel Required per Pound of Steam. If the 

heat value of the fuel and the overall boiler efficiency are known, it is 

a simple matter to calculate the amount of fuel used per pound of 
steam, as follows: 

Pounds of fuel required per pound of steam 

= B.t.u. required to evaporate 1 lb. of water at the pressure used 

Heat value B.t.u./lb. of fuel X Boiler efficiency 

In practice this figure may vary widely, depending upon the uni- 

tormity of the load on the boiler, the efficiency of the boiler, and the 

temperature of the feed water as it enters the boiler. A performance 

ot /,„ pound of coal per pound of steam at 100 pounds per square inch 
pressure is considered quite good. 
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Combustion. Combustion of fuels is the rapid oxidation of the 
various elements of the fuel; it is said to be complete when the ele¬ 
ments of the fuel have combined with all the oxygen they can use. In 
ordinary fuels, the principal elements burned are carbon and hydro¬ 
gen. During combustion, 1 unit of carbon unites with 2 units of oxy¬ 
gen to form carbon dioxide, if the air supply is sufficient. Under 
these conditions, 1 pound of carbon requires 32 pounds of oxygen and 
the combustion will yield 14,600 B.t.u. If, however, an insufficient 
amount of oxygen is present, the carbon will not burn completely and 
carbon monoxide will be formed, which, in addition to being a poison, 
yields only 3,960 B.t.u. of heat per pound of carbon, or a loss of 
10,640 B.t.u. This loss may be regained by bringing the carbon 
monoxide temperature up to 1,200° F. and supplying enough addi¬ 
tional oxygen to cause carbon dioxide to be formed. 

In the combustion of hydrogen, which is one of the principal con¬ 
stituents of gas and liquid fuels, the burning of a pound of hydrogen 

to form water (H z O) will yield 62,032 B.t.u. 

In the practical operation of a boiler, then, it is essential that the 
proper amount of air always be supplied and that it be intimately 
mixed with the fuel if efficient results are to be obtained. Too great 
an excess of air is inefficient because it chills the fire, preventing good 
combustion, and also carries off much heat. In practice, it has been 
found that best results are obtained with 50 to 100 per cent excess 
over theoretical requirements. This supplies all necessary oxygen 
without an undue chilling effect. 

In an actual plant, it is desirable to analyze the products of com¬ 
bustion by means of an Orsat gas analyzer, or other device, so that 
drafts may be properly set. Measurement of stack temperature is 

also helpful. 

Table XXV from Allen and Bursley shows the distribution of heat 
from coal fired in an average well-operated boiler. 

FIRING 

Three methods of hand firing of coal-fired boilers are used, namely, 

the spreading, alternate, and coking methods. 

In the spreading method, the coal is scattered uniformly over the 

fire, care being taken to keep the fuel bed uniform in thickness and 

with no holes or dead spots. A small hole in the fire allows excessive 

amounts of cold air to enter and greatly decreases the efficiency. By 

spreading the coal uniformly and in relativelv small amounts the 
amount of smoke is kept at a minimum. The fire bed must be kept 



STEAM AND ITS USE IN THE DAIRY 



TABLE XXV 


Heat Balance or Distribution in a Well-Operated Coal-Fired Boiler 


Distribution of Heat of Coal 

B.t.u. 

Per Cent 

1. Heat absorbed by boiler 

10,900 

77.25 

2. Loss due to evaporation of water in coal 

27 

.19 

3. Loss due to heat in steam formed by burning of hydrogen 
in, coal 

635 

4.50 

4. Loss due to heat carried away by dry stack 

1,635 

11.57 

5. Loss due to heating moisture in air 

40 

.28 

6. Loss due to incomplete combustion resulting in formation 
of carbon monoxide 

204 

1.45 

7. Loss due to combustible in ash and refuse 

319 

2.26 

8. Loss due to unconsumed elements, to radiation, and un¬ 
accounted for 

335 

2.50 

Total 

14,095 

100.00 


thick enough so that it does not get holes in it. Thus, when the load 
is heavy, a thicker bed of coals must be carried than when the load is 
light. The fire should have a clean, bright appearance. It should 
not be stirred unless absolutely necessary, as excessive stirring causes 
clinkers and also inefficient combustion. If excessive clinkers are 
formed, a different grade of coal should be obtained. Hard coal is 
nearly always fired by the spreading method. 

With the alternate method of firing, the fresh charge of coal is added 

to only one side of the firebox at a time, the other side being allowed 

to burn brightly and help consume the smoke from the opposite side of 

the furnace. The object is to keep down the amount of smoke formed 

in order to provide efficient combustion. This method is adapted to 
large boilers burning soft coal. 

In the coking method the coal is placed just inside the furnace door, 
and thereby the volatile gases are driven off and consumed by the fire 
of the firebox. When the volatile gases are driven off, the remaining 
coke is pushed forward and scattered evenly over the front of the fire 
A new charge i s added, and the process is repeated. ThU method is 
otten used where it is essential to keep the amount of smoke to a mini¬ 
mum when burning soft, high volatile coal. 


-n w O O \J .KJJi O 

safrZJ F haS , 3 n ™ ber ° f accessories which are necessary for 
completely aotomatic as far as control of pressure Vvel 
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are concerned, which makes an ideal installation for the small or 
medium-sized plant. 

The safety valve, Fig. 51, is designed to open and relieve the steam 
pressure in case the pressure exceeds the predetermined setting. To 



Fig. 51. The Pop Safety Valve. 


prevent the valve from chattering while it is blowing off, the. valve 
disk is made with what is known as a huddling ring. Steam in pass¬ 
ing out around the edge of the disk is deflected downward by means of 
an annular groove beyond the seating face. A reaction is produced 
which, added to the force due to the pressure in the boiler, keeps the 
valve open until the boiler pressure has been reduced considerably 
below the popping point. Two adjustments may be made: First, the 
popping pressure is adjusted by screwing in or out on the nut con¬ 
trolling the spring tension; second, the amount of blowdown, i.e., the 
reduction in pressure that takes place before the valve can close, is 
determined by adjusting the position of the huddling ring. 
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Safety valves should be attached directly to the boiler without a 
valve of any description between them and the boiler. 

The fusible plug, Fig. 52, is designed to melt and blow the fire out 
should the water level become too low, and thereby prevent damage to 
the boiler. The plug should be placed at the lowest permissible water 
level, in the direct path of the products of combustion and as near the 
primary combustion chamber as possible, so that it will be subjected 
to the hottest gases. When the plug is covered by water the heat is 
conducted away so rapidly that the temperature is kept below the point 
at which the fusible material melts; but when the plug becomes uncov¬ 
ered on account of low water, the low conductivity of the steam pre¬ 
vents the rapid withdrawal of heat from the fusible metal, consequently 
the temperature quickly rises above the melting point of the plug, 
causing the plug tp melt. The escaping steam gives warning of the lack 
of water in the boiler. Figure 52 illustrates both the inside and outside 



Fig. 52. Fusible Plugs for Boilers. 


types of fusible plug. The difference between them is the way the 

fusible metal is put into the plug. In the outside type the larger 

diameter of the plug is opposite the nut, and in the inside type it is at 

the same end as the nut. In either type of plug, therefore, the steam 

pressure acts on a greater area than the hot gases and hence tends to 
hold the plug in place. 

The pressure gauge, Fig. 53, is merely an indicator for registering 
the steam pressure. 

The water column is a glass gauge arrangement with try cocks for 
checking the level of water in the boiler. 

The injector, Fig. 54, is a device for forcing water into the boiler 

against the pressure in the boiler. It serves the same purpose as the 
steam or motor-driven feedwater pump. 


BOILER MANAGE! 




To obtain efficient results from a boiler, first, the heating surface 
must be kept free of soot on the fire side and free of scale on the water 
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side, as otherwise heat is not transmitted well and more fuel is re¬ 
quired. Table XXVI, adapted from Allen and Bursley, shows the loss 

of efficiency due to scale in the boiler tubes. 

Second, fuel must be properly burned. Analysis of stack gases 
will show whether or not good combustion is being obtained. Satis¬ 
factory combustion is obtained when the stack gases have about 9 to 11 
per cent carbon dioxide. An Orsat gas analyzer will indicate the car- 



Fig. 53. Bourdon-Tube-Type Pres¬ 
sure Gauge. 

The hollow Bourdon tube tends -to 
straighten out as pressure is applied, 
thereby actuating the lever arm, which 
causes the pointer to move it given dis¬ 
tance for a definite pressure change in¬ 
side the tube. 


bon dioxide content of these gases. 


Steam Supply 



Check Valve 


Fig. 54. The Steam Injector. 

In operation, the steam is admitted 
to the steam nozzle from the supply line 
and, in passing into the combining tube, 
produces a partial vacuum in the feed- 
water supply line. Water is drawn into 
the pipe and surrounds the steam nozzle. 
The high-velocity steam is condensed by 
the incoming water, and its kinetic 
energy is used to raise the velocity of 
the water to the point where it is suffi¬ 
cient to carry across the opening be¬ 
tween the combining tube and dcln erj 
tube, raise the check valve, and force the 
water into the boiler against the pressure 

from within. 

A smoke-producing furnace is 


always evidence of inefficient combustion. 

Third, the boiler should be kept free from air leaks around the 

furnace, and the baffles in the firebox should be kept in proper repair. 

Fourth, the water should be treated, if necessary, to prevent exces¬ 
sive scale formation. A zeolite water-softener system is very good, 
but other water-treatment methods give good results also. 

Table XXVII, adapted from Babcock and Wilcox “Steam,” classi¬ 
fies feedwater impurities, their effect, and suggested treatment. 
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Foaming and priming of the boiler is caused by excessive dissolved 


or suspended solids. A concentration of 100 to 150 grains per gallon 
of dissolved solids will usually not cause foaming. The particular con¬ 


centration that will cause trouble depends somewhat upon the type of 
boiler, the composition of the feedwater, any excessive demands for 


steam, and, particularly, the rate of steam formation. 

The concentration of solids in the water can be kept under control 


TABLE XXYI 

Loss op Efficiency Due to Scale 
in the Boiler Tubes 


Thickness of Scale 
in Inches 

Loss of Efficiency 
% 

X 

7ns* 

5.4 

ts 

1 7.2 

■sV 

11.1 

1V 

12.0 

1 

TT 

15.0 


by adjusting the frequency and the amount of blowdown. Simple 
testing equipment may be obtained from chemical companies for mak¬ 
ing the total-solids test. 

Fifth, the boiler should be fired according to the load, so that it is 
not allowed to blow off steam through the safety valve. Carry as 
uniform a pressure as possible. The pressure should be as high as 
necessary to operate the equipment satisfactorily. Low steam pressure 

is a common cause of inefficient operation of washers and pasteurizers 
in the dairy plant. 

Sixth, all pipes and heated surface should be well insulated. 

Cleaning the Boiler. The first operation in cleaning a boiler is to 
allow it to cool slowly, with the furnace or oil burner turned off, and 
often by pumping in cold water. 

When the pressure is off and boiler reasonably cool, the water should 
be drained out through the blow-down valve. 

During this period cold water should be sprayed on the tubes on 

the water side in order to prevent the drying of accumulated mud and 
scale. 

Then all the mud and loose scale that have accumulated in the 
bottom of the boiler should be brushed out, with a scraper if necessary. 
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TABLE XXVII 


Effect of Feedwater Impurities 


Difficulty from 


Sediment and mud 


Bicarbonate of magnesia, lime, 
etc. 


Sulfate of lime 


Chloride and sulfate of mag¬ 
nesium 

Acid 

Dissolved carbonic acid and 
oxygen 

Grease 


Organic matter 

Organic matter 
Sewerage 

Carbonate of soda in large 
quantities 


Nature of 
Difficulty 


Incrustation 


Incrustation 


Corrosion 


Corrosion 


Corrosion 


Corrosion 


Corrosion 


Foaming 


Pruning 


Ordinary Method of Overcoming 


Incrustation 


Settling tanks, filtration, blow¬ 
ing down 

Heating feedwater; addition of 
lime and soda; caustic soda and 
barium hydrate 

Addition of soda or barium car¬ 
bonate 

Addition of carbonate of soda 


Alkali 

Heat feedwater; keep air from 
feed; add slacked lime 

Filter; iron alum as coagulant; 
use better hydro carbon oil 

Filter; use of coagulant 

Settling tanks; filter in connection 
with coagulant 

New feed supply; if from treat¬ 
ment, change 


Cooling the Boiler. Great damage may be done to a boiler if it is 
not cooled properly, that is, if it is cooled too much and too rapidly in 
certain areas. Excessive strain set up may cause cracking of the sheet 
or loosening of the tubes. The following procedure for cooling a boiler 
is recommended: (1) Turn off the oil or gas burner or pull the fire if 
it is coal fire. Open the fire door and dampers so that air may circu¬ 
late through the furnace, but keep the smoke box door closed, then 
using the blow-off valve blow out one gauge of water at a time and fill 
back up to the top of the gauge with fresh cold water until the furnace 
lining near the fire door is not too hot for the hand to bear for 10 
seconds. The pressure should, in the meantime, have been reduced to 
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10 pounds per square inch, or less. The boiler may then be opened 
after the water is emptied. 

Treatment of Water for Boiler and Other Uses. There are three 
principal methods by which the hardness of water is treated in dairy 
plants. The first is by external treatment with hot or cold chemical 
precipitation, using lime, lime and soda ash, or caustic soda and soda 
ash. The second method is by the use of external treatment by base- 
exchange softeners. A third principal method is by precipitation within 
the boiler drum itself by internal treatment. With this third method, 
the hardness precipitated out must be removed by either continuous 
or periodic blowing off of the boiler. 

Chemical Precipitation of Water Hardness. With this method of 
hot-water precipitation and treatment, chemicals in the form of hy¬ 
drated lime and soda ash arc fed into a hopper in exact proportions, 
depending on the hardness of the water. The water is then allowed to 
mix and the precipitate to settle out. The clear, softened water is run 
off the top and into the boiler. Treatment by this method usually can 

be depended upon to reduce the hardness to 1 grain per gallon. 

The cold-process lime and soda treatment is much the same as that 
ot the hot process, except that it is done with cold water and a longer 
time of processing is required. With the cold method it is usually pos¬ 
sible to reduce the hardness to about 2 to 5 grains per gallon. 

One objection to the chemical precipitation method for water for 
general cleaning purposes is that it leaves a certain amount of sediment 
in the water ordinarily, which should be removed by filtration. See 

Chapter XX for further discussion of water-treatment methods includ¬ 
ing the base-exchange or zeolite method. 

Utilization of Steam. A study of inefficient utilization of steam 
will save money in most dairy plants. It will usually be found that 
there are losses of heat due to exposed hot surfaces, to leaks of steam, 

and to wasteful blowing of steam onto equipment, or that heating 
water is wasted. 


Steam lines and heating coils should all be properly drained, and 
on equipment operating under pressure a good steam trap, Fig. 55, 

should be installed to remove the condensate without loss of live 
steam. Steam traps are a source of trouble but are nevertheless very 
important. If a trap does not work and allows the heating coils to 
fill up with water, the heating efficiency will be very poor. 

Most plants require large quantities of hot water for washing and 

sterilizing. It is advisable to use exhaust steam, if available for heat- 
* * 

ing this water. Figure 56 shows a water heater of popular type. 
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Where steam coils are to be used for heating air, it is important 
not only that the condensate be removed by a trap, but also that air 
be removed, as it sometimes collects in the top of a steam jacket or 
coil and prevents steam from entering. 

Steam pipes must be of proper size to carry the load without undue 
pressure drop. The writer has several times experienced trouble with 
steam-heated equipment caused by a pipeline of insufficient size to 
carry the load. The pressure must be checked at the equipment. Also 
the amount of moisture in the steam must be kept within proper limits. 
Long steam lines, even though insulated, should be kept drained by 
means of a trap. Figure 57 shows the proper size of pipes for steam 
lines. 


Steam 




Steam Coil 




Condensate 
Level > 


Float Type 
Steam Trap, 



I 

Condensate to 
Boiler or Feed 
Water Tank 


Fig. 55. The Steam Trap. 

Proper removal of condensate is necessary for the efficient operation of steam coils. 
The steam trap accumulates the condensate a’nd, by means of a float valve or thermo¬ 
static valve, allows the condensate to escape with practically no loss of steam. 


A very efficient and worthwhile piece of equipment, where hot 
water is to be used for pasteurizing, is the so-called hot-water circu¬ 
lating unit. This unit automatically mixes the correct amount of 
steam with the water so that a uniform temperature is obtained, and 

then circulates this hot water through the equipment to be heated. 
It is a much more accurate method than using a plain steam circulat¬ 
ing jet, which is difficult to control. 

The McDaniel tee and noiseless water heater, Figs. 58 and 59, are 

handy devices for heating water directly with steam. 
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Live Steam 
Inlet 



Hot Water 
Outlet^ 


Live Steam 

Thermostat Control 

Super Service Booster Heating 
Element Heats all Water leaving 
Storage to required Temperature 

Relief 


Vent 

V 


Thermometer 


A 


>. 



- - ——- 

1 -- • -■ 


- X - 

V 

0 

—^ h 

* 

/ Jjjl 
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^-—— 



- 



All Water to Outlet 
enters here 



Condensate Outlet 


Manhole 



Blow-off 


Returns 

Water in Storage 


Thermostat 

Super Service Heating 
Element Heats the 
Water to the Capacity 
of Exhaust Steam 
available 

Exhaust Steam 
Inlet 


Condensate 

Outlet 


A heater of this type 
of both. 


..._All Incoming Cold Water 

Tank Re-circulates enters Heating Section Direct 
at all times Cannot by-pass Heatina Surface 

Fig. 56. Hot-Water Heater and Storage Tank. 

use either exhaust or live steam or a combination 



Fig. 57. Chart Showing the Size of Pipes Required to Carry a Given Ouantitv 

of Steam per Minute at Various Pressures. ^ 
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INSULATION OF STEAM LINES 

The cost of heat losses from uninsulated pipes and steam-heated 
equipment can be a large item of expense. Modern methods of insu¬ 
lation, however, make it possible to prevent most of this loss through 
the use of proper insulation. Figure 60 shows the magnitude of these 



Fig. 58. The McDaniel Tee. 

This device is connected so that water enters at A t 'steam at B , mixing takes place 
at C\ and hot water is ejected at D. 



Showing One-Piece Construction Showing Heater in Operation 

Fig. 59. The Noiseless Water Heater. 

losses and how they are increased by greater temperature differences 
between the atmosphere and the hot surface in question. Figure 61 
shows the thickness of insulation recommended for various tempera¬ 
tures, and Fig. 62 illustrates a popular type of insulating material for 
steam lines. 

Figuring Steam Requirements for a Milk Plant. The first step in 
calculating the size boiler needed in a given dairy is to find out from 
equipment manufacturers the steam requirement of their specific pieces 
of equipment. Second, determine the steam needed for heating water, 
and third, the steam needed for heating the building and for other 
general uses. Fourth, make a processing chart, similar to Fig. 198 
which will indicate the time of day and the duration of each require¬ 
ment. Fifth, add up the total requirement for any given hour, a simple 

matter. 

In deciding upon the actual size of boiler to use, consider that 1 
boiler horsepower is equivalent to the 33,349 B.t.u. per hour, also that 
allowance must be made for heat losses from pipes, leaks, etc.; also 
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that most boilers do have the ability to produce from 50 to 80 per cent 
over capacity for short periods of time. Consideration must also be 
given to the needs of expanding plant requirements if the plant capacity 
should increase, as it usually does. 



I'ic. 60. Heat Losses from Uninsulated Hot Surfaces in Still Air. 


Steam pressure 
or condition 


Thickness of Insulation 

Temperature 

Pi pea 
larger 
than 4* 

Pipes 

2" to 4* 

Pipes 

smaller 

than 2" 

Hot Water.... 


Std. 

Std. 

Std. 

0 to 25 lbs.. 

212 to 266° F. 

Std. 

Std. 

Std. 

25 to 100 lbs... 

267 to 337° F. 

l H" ' 

Std. | 

Std. 

100 to 200 lbs... 

338 to 387° F. 

2 * 

i y 2 v 

Std 

Low Superheat. 

388 to 499° F. 

Dbl. Std. 

2 * 

N/ W Vl * 

l w 

2 • 

Superheat. 

* 

500 to 600° F. 

3* 

Dbl. Std. 


tic. 61. Thickness of Magnesia Insulation Recommended for Various 

Temperatures. 
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(a) Method of Banding. 



(b) Method of Applying to Pipes 


Fig. 62. Common Type of Magnesia Insulation for Pipes. 
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STEAM POWER 

Many plants which have use for large quantities of steam for 
heating of evaporators and pasteurizers find that they can generate 
all or a part of their electricity as a by-product and thereby reduce 
their power bill. This is particularly true in condenseries, evaporated- 
milk plants, and large milk plants. There are many points to consider 
in generating power in the dairy plant, and the cost of added equip¬ 
ment supervision and greater interest and depreciation must all be 
added in. It is very seldom that a small butter or ice-cream plant 
can afford to generate electricity by means of steam power; this should 
not prevent the matter from being considered, however, where it offers 
real opportunities for saving in a plant of any type. 

QUESTIONS 


1. Define saturated steam. 

2. Define dry steam. 

3. Define wet steam. 

4. What is meant by 97 per cent quality steam? 

5. What is superheated steam? 

6. What is the latent heat of vaporization of steam at standard atmospheric 
pressure? 

7. What color is steam? What is the temperature of saturated steam at 
zero gauge pressure? 

8. Can saturated steam be dry steam? Wet steam? 

9. Can superheated steam be dry steam? Wet steam? 

10. Could superheated steam be obtained at 212° F. and 14.7 lb. per sq. in. 
pressure (absolute) ? 

11. Could steam at 212® F. be superheated steam? 

12. Could superheated steam be obtained at 14.7 lb. per sq, in, pressure (abso¬ 
lute) ? 

13. Could steam at 20 in. mercury vacuum be superheated steam? 

14. If the pressure of dry saturated steam is reduced by means of a pressure¬ 
regulating valve, will the steam be reduced in quality or will it be superheated? 

15. What is the steam table? 

16. Define boiler horsepower. 

17. What heating surface is usually required for a boiler horsepower? 

18. Describe the following types of boilers: vertical fire-tube, horizontal re¬ 
turn tube, Scotch, water-tube, flueless. 

19. Rate these boilers with respect to fuel economy, ease of firing, fire hazard, 

first cost, cost of installation, space required, repair costs, water space, steam 
space. 

20. What is the purpose of the “soft” or fusible plug? 

21. Where is this plug usually located? 

22. What is the function of the safety valve? 

23. Explain the principle of operation of the McDaniel tee, 

24. What effect does the diameter of a boiler have on the bursting strength? 
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25. What is the approximate heat value per pound of soft coal, oil, natural 
gas? 

26. Describe the action of the steam trap. 

27. List three methods of firing. 

28. Which method is commonly used for hard coal? Soft coal? Why? 

29. What is the effect of scale on the boiler tubes? 

30. What material is commonly used for insulating steam pipes? 

31. What is the temperature of saturated steam at 14.7 lb. per sq. in. gauge? 

32. What is the temperature of saturated steam under 10 in. mercury vacuum? 

33. What is the volume of 15 lb. of saturated steam at 100 lb. per sq. in. gauge? 
at 310° F.? 

34. What is the heat of vaporization of steam at 70 lb. per sq. in, gauge? 

35. What is the total heat of the liquid at 60 lb. per sq. in. gauge? 

36. What is the total heat of steam at 373° F.? 

37. Assuming the specific heat of steam as 0.47, what will be the temperature 
of the superheated steam resulting from passing dry saturated steam at 100 lb. 
per sq. in. gauge through a pressure-reducing valve to a pressure of 50 lb. per 
sq. in. gauge. Total heat of dry saturated steam at high pressure equals total 
heat at the lower pressure for this process. 

38. If a boiler evaporates 200 lb. of water per hour from feedwater at 60° F. 
to steam at 90 lb. per sq. in. gauge, what boiler horsepower is developed; how 
many B.t.u. are absorbed (neglecting radiation from the boiler)? 

39. A vertical fire-tube boiler has the following dimensions: diameter of fire¬ 
box, 24 in.; depth of firebox above grate, 20 in.; depth of water above flue plate, 
24 in.; diameter of flues, 2 in.; number of flues, 50; area of firebox door, 1,5 sq. ft. 
What would its boiler horsepower rating be if 12 sq. ft. of heating surface is 
allowed for each horsepower? 

40. How many gallons of water will be heated from 65° F. to 120° F. by 10 lb. 
of steam supplied at 50 lb. per sq. in. gauge and 98 per cent quality if the con¬ 
densate is discharged at 150° F. and the heater is 95 per cent efficient? 



CHAPTER VIII 


PRINCIPLES OF REFRIGERATION 

Refrigeration, which is the extraction of heat from a body at a 
temperature lower than that of the surroundings, is one of the most 
important processes in the dairy industry. It is through holding at 
low temperature that most dairy products are carried over from time 
of plenty to times of scarcity, thus making them available to man¬ 
kind at reasonable prices throughout the year. Refrigeration is essen¬ 
tial in the preservation of the rich natural flavors of dairy products 
and is an integral part of many processes as applied to the dairy 
industry. 

Refrigeration is accomplished when a cool body is brought near to 

a warmer body, according to the fundamental principle that heat 

always passes from a warm body to a cooler one, the exchange being 

capable of continuing until the two bodies are at the same tempera¬ 
ture. 

There are two principal types of refrigeration, natural and arti¬ 
ficial. Natural refrigeration utilizes ice water, water ice, or ice-and- 
salt mixtures; artificial refrigeration makes use of refrigerating ma¬ 
chinery. Cooling by ice is a very old process; it is effective because, 
as the ice melts, it takes up great quantities of heat before the tem¬ 
perature changes. Each pound of ice in melting will absorb 144 B.t.u. 
of heat, which is its heat of fusion. A ton of ice will absorb 144 X 
2,000 or 288,000 B.t.u. in melting. Reference to Fig. 42 shows the heat- 
teraperature curve of water in the range of cooling temperatures. It 
is apparent that, if ice is at 0° F. and warms up to 32° F., it will absorb 
0.5 B.t.u. per pound per degree temperature rise, or 16 B.t.u. total per 
pound of ice. When the temperature of 32° F. is reached, the tem¬ 
perature will not rise further until 144 B.t.u. more is absorbed; then the 
water temperature rises approximately 1° F. per each added B.t.u. for 

each pound of water. It is a simple matter to figure the- amount of 
ice necessary for a cooling operation: 

0 F ° r ? Xample > su PP ose that it is required to cool 1,000 lb. of milk from 

™ 40 ° F ' Usin f ice at 32 ° F '> the ^ ice water temperature 
lni r g 36 F - The amount of ice required will be as follows, assuming no heat 
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B.t.u. to be removed from milk = 1,000 X (80 — 40) X 0.93 = 
Latent heat per pound of ice = 

Sensible heat per pound of ice water 36 — 32 = 

Total heat absorbed by 1 lb. of ice = 144 + 4 = 

37,200 


37,200 B.t.u* 
144 
4 

148 B.t.u. 


Pounds of ice required = 


148 


= 250 lb. 


Cooling by Ice and Salt. It is frequently desired to obtain tem¬ 
peratures below 32° F. when using ice, and this can be done easily if 
salt is mixed with the ice. Table XXVIII shows the approximate tem¬ 
peratures obtained with various mixtures of ice and salt. A greater 
percentage of salt gives a lower temperature. Table XXIX shows the 


TABLE XXVIII* 


Temperatures Obtained with Ice-and-Salt Mixtures 


Percentage of 
Salt in Mixture 

Temperature 
of Mixture, °F. 

Percentage of 
Salt in Mixture 

Temperature 
of Mixture, 0 F. 

0 

32 

15 

11 

5 

27 

20 

1.5 

10 

20 

25 

-10 


* U.S.D.A. Bulletin 98. 


TABLE XXIX * 

Refrigeration Available per Pound of Ice and Salt 


Salt per 

Heat 

100 lb. 

of 

Water, 

Solution, 

lb. 

B.t.u. 

1 

58.0 

5 

49.7 

10 

40.5 

15 

33.0 


Total 

Heat Re¬ 

Heat of 

quired per 

Resulting 

Pound of 

Solution, 

Mixture, 

B.t.u. 

B.t.u. 

14,458 

143.0 

14,668 

139.5 

14,806 

134.5 

14,895 

129.5 


Salt per 

Heat 

100 lb. 

of 

Water, 

Solution, 

lb. 

B.t.u. 

20 

27.0 

25 

22.5 

30 

19.1 

35 

i 

16.4 


Total 

Heat Re- 

Heat of 

quired per 

Resulting 

Pound of 

Solution, 

Mixture, 

B.t.u. 

B.t.u. 

14,940 

124.5 

14,962 

119.5 

14,973 

115.0 

14,974 

111.0 


* U.SD.A. Bulletin 98. 


quantity of refrigeration available in B.t.u. per pound of ice and salt 
mixture. 

Cooling by Dry Ice. So-called dry ice, or solid carbon dioxide, is 
one of the interesting developments in refrigeration; it has found 







PRINCIPLES OF REFRIGERATION 


145 


a wide use in the industry, principally because it refrigerates without 
the formation of water or other liquid as a by-product. The material, 
after doing its work, escapes as ordinary carbon dioxide gas which is 

ever present in the air we breathe. 

Dry ice is produced principally as a by-product of industry; it is 

f J 1 p 

purified, then liquefied, after which it is expanded to form a snow, 
which in turn is pressed into blocks, forming the dry ice or solid car¬ 
bon dioxide. It has the following characteristics: 


Temperature 


f —109.3° F, in a CO a atmosphere. 

1 —123° F. in a 50% CO 2 atmosphere. 


Density 50 to 55 lb. per 10-in. cube 

Cost $0.03 to $0.05 per pound. 

Refrigerating effect per pound (heat of sublimation from a solid at 
-109.3* F. to a gas) =246.3 B.t.u. 


It is customary for dry ice to be delivered in 50-pound cakes, 
which are stored in an insulated cabinet on the premises. It is taken 
out and sawed into slabs of the proper size for use, by means of a 
band saw. It is so cold that ordinarily the ice must not actually 
come in contact with the product being refrigerated, and special card¬ 
board shipping containers are used. Dry ice is also utilized for cool- 


TABLE XXX 

Properties of Common Refrigerants 



‘‘Freon-12,” 

CC1 2 F 2 

Boiling point, 0 F. (Sea level, atm. 


pres.) 

-21.7 

Gauge pressure, lb./sq. in., 86° F. 

93.2 

Gauge pressure, lb./sq. in., 5° F. 

11.81 

Heat content of saturated vapor in 


5° F. evaporator, B.t.u./lb. 

78.79 

Heat content of liquid leaving 86° F. 


condenser, B.t.u./lb. 

27.72 

B.t.u. refrigerating effect per lb. 

51.07 

Pounds of refrigerant per minute 


per ton 

3.916 

Cubio foot of liquid per lb., 86° F. 

0.0124 

Cubic inches of refrigerant per 


minute 

83.9 

Cubic feet of vapor per lb., 5° F, 

1.485 

Cubic foot piston displacement per 


minute 

5.815 

B.t.u. refrigeration per cubic foot 


piston displacement 

34.4 


* Inches of mercury below atmosphere. 


Carbon 

Dioxide, 

CO2 

Ammonia, 

nh 3 

Methyl 

Chloride, 

CH3CI 

Sulfur 

Dioxide, 

S0 2 

-108.4 

1024.3 
319.7 

-28,0 

154.5 

19.57 

-10.6 

80.83 

6.19 

14.0 

51.75 

5.87* 

102,14 

613.35 

195.3 

183.49 

45.45 

56.69 

138.9 

474.45 

46.6 

148.7 

42.12 

141.37 

3.528 

0.0267 

0.4215 

0.02691 

1.345 
0.01793 

1.414 

0.01184 

162.8 

0.2673 

19.6 

8.150 

41.7 

4.529 

28.9 

6.421 

0,943 

3.436 

6,091 

9.084 

212.0 

58.2 

32,8 

22.0 




























146 


DAIRY ENGINEERING 


X 

X 

X 

w 

■J 

PQ 

< 

H 


o 

flu 

-< 

> 


2 

O 

2 


&Ul 

o 

tfi 

w 

E 

03 

w 

& 

o 

03 

Oh 


W 

J 

CO 


a h 


X 

TJ 

fc* 

d 

T3 

s 

d 

55 


Q 
W 

h 
< 
03 
D 
H 


w 

CO 5 
co d 


W OJ 

03 u 


(X, 


3 

PQ 


O 53 

P g 

< .2 

o -s 

IS 


L* 

3 


0) ^ r; 

3 O.P-H ft, 

Cc 2j 3 dV 


8 

<D 


►> 

a 

o 

tn 

'fl 

w 


o 

a co 

d , ° ** 

03 Jj 


5- ^ 

0> _rt 

£3°.^ 

«3 


fc* u 

rs & «3 

3 • pL^ 
cr So 

•m * 

«3 


CO 


c^.-c 

cfl V ^ 

J3 °5 g 

w 4) Q. 

S3 


3 

0) 

3 

O 

O 

d 

a> 

S3 


t* 

_ « 
s a . 

§•=3^ 
> +? 

PQ 


t*. 

OJ 


T3 n 

’3 * 

3 • .D 

.-3 5 
03 


* tr 

.UoS . 
2 a a - 

Q > 


U, 

o ® 

a a 

0 Q • 

O 3 

>o 


au 

s-g 

0? r ® 


<v 

tv 

3 

co 

x 

a> 


7^ *- 

a* 

3 


a>-i pi. 


(vgjtB 


<&S 


+ 


■*—i —h 




©©Xb-© © Tt< X CM 

©M i—* *“4 rHHHpM 


© © X X CM 


00 © CO O Q 

oo oo t» © © 

TfC ^ ^ Tt< TP 


^ © X X X 

© Tt< ^ coco 

^ Tt* ^4 Tf 


© © ^ X © 

N W M H 
rt4 Tf Tjc Tt< 


^ © © © © 
^ ^ CO 


S ©^t^© MNNN« 

X CM © © Xt" 1 -©©^ 

© © © 40 Tj4 ^ Tjc TfC Ttc Tf 


^ © x ^ © 

WWH^o 

tJ 4 Tt' t} 4 Tf* T$4 


© © 00 
CO CO CO coco 


WiOOO»-4iO 
© © TJ4 t#4 CO 

© © © o © 


© CO © Tt* © 

WNHHH 
©© © ©© 


© X t>» © 
© 



^ tv©^4w 

o © o © o 


© 

I 


I I I I I I I I I 11 + 


x © x cm t^ 
■ ■ * * • 

CO •—i © 00 © 
© © 


eo © © co 
©x cm ^ 


© © X X t» h*X©0 



© tv © © ^ 
03 03 03 03 
© © © © © 


CONhhO 
© © © © © 
© © © © © 


© CM X X CM 


© b- ^ 


00 ^ © © 


5DNNWO 


x © © -h cm 
00 00 © © © 
© © © © © 


CO CO ^ © © 
© © © © © 
© © © © © 


©t^oooo© 
© © © © © 
© © © © © 



CO CO © © © 


© o* © © ^ 

NNHHH 

I I I I I 


C4 o © © o 

ei © t^ © + 

r-4 t-H 

I I II I 


C^J © <N X ^ 

cionci^ 

I I + 


© X N © 

t • * * * 

© b*X © *-4 


00 t*- © CO <N 
05 1-4 X © I s * 
(N 

© © © © © 


©X© ^0* 
© © C* Tf 4 © 

W CO X X X 
© © © © © 


© t^ © X © 
X © 1-4 X © 
XX Tf Tf4 ^J4 

© © © © © 


X ©x©x 
© X© W X 
Tf 4 Tt 4 © © © 

© © © © © 


©05©©X ©©t>^© XN 


cs t*4 © © N © 


© © CM © © 
© rf Tf X X 


''f CM © © t>* 
X X X CM CM 


© © Tt< X CM <—« © © © X 

CM CM CM CM CM CM CM t—< —< >-i 


© © TH © © '^4’Tt4Tt4©X F-lTf©X© ©i“HX©CM 


X X © X 
© © © © © 

I I I I I 


—*4 05 I s * © CO 
© ^ Tj4 ^4 

Mill 


(NOXNiO 
Tf Tf x X CO 

I I I 


I 


Tf< X 1-4 © © 
X X X X CM 

I I 1 






OOOONCO 
CM 1-H »—l t-H 1-H 


© t# 4 x CM 


© © X t-© IO X CM 














PRINCIPLES OF REFRIGERATION 


147 


OH(NWTf l© CD b* OO © 


05 CO tT 


IO CO t"- 00 05 


© 04 CO ^ 


kO CO OO © 


OOkOOtO 

© © X X N- 

co eo cococo 


*-i n- co © © 

NcDOSDiC 

CO CO CO CO CO 


CO © © CO © 

© Tt< Tf Tf 

co co co co co 


|S. ^ © © 

COCOWWN 
CO CO co CO co 


rt« 04 O X © 

04 05 04 *-< f-h 

CO CO CO CO CO 


CO ^ 
CO CO 


© l> © 
© © © 
CO CO CO 


» * 


© Tf -Tf CO ©©00 

© © tT CO 04 ^ © © 

CO CO COCOCO COCO 04 


o 04 © 00 1 -* © 00 

©00 

04 04 <N<N<N<M<N 


05 © © © © ^ © 

tJ< CO CO 05 «-h r-I © 

05 05 05 05 04 05 05 

***** * * 


Tt*©^* 1 ©©©©«—• 

©©© 000000l>t^ 

04 r-< fH ^ ^ ^ ^ 


©<OhNC5 © -h © © 

CO CO rf rf © © © © t- t"- 
© © © © © © © © © © 


GO »-* © 00 04 © 00 1-1 ^ 

t^oooooo© ©©©©© 

© © © © © © © ^ ^ —' 


©co©©-^ ^©©^ht** 

^,-,^^,05 05 05 05 CO CO 



* 


CO© © © © 


© b- © Tf CO 
00 00 00 OO 00 
© © © © © 


© 05 © © CO 


»-< © 00 N* © 
X X l> t** t> 
© © © © © 


05 © ©1> © 

***** 

© ^ 05 —* © 
N N N N N 
© © © © © 


© © © © © 


© 00 I> © © 
© © © © © 
© © © © © 


© x © 


CO 05 © 

© © © © 
© © © © © 


o »-* CO Tt* © 


© 00 0* © 
© © © © 
© © © © © 




*-< © X © CO © © CO © © © o © © Tt< © CO N- »-i ©©05©© 

04 CO CO ^ © © © t- I"- GO © © © © *-h »—< i-H 05 05 CO CO CO Tt< ^ 

© © © © © © © © © O O © *“ 1 1 i—I i-H i—I f-( r -4 | | | *-H 

© © © © © © © © © © © © © © © © © © © © © © © © © 


CO © © 05 © 
***** 

© © © © © 
© © © © © 


00 00 ^ CO 

05 © h* © 05 

hhh(V)(M 


^ ^ ^ CO ^ 


Tf © x © 05 
05 05 05 CO CO 


GO © *-< 00 Tt< 
***** 

co © oo © 

CO CO CO CO Tp 


© Tt< 00 05 © 

***** 

CO TtH © 

Tf rf ^ Tf 


© 05 © X © 


X© ^ 05 

T*< © © © © 


X © © x © 


© © n* x © 
© © © © © 


© © © © 
© © 05 © © 
© © © © © 
© © O © © 


© © © Tf X 

co © © co © 

NNSOOQO 


05 

OWN 
© © © 




N ^ ^t N h 



f * * 


’’tNHT^OO 
05 05 CO X X 


^ X T$< 
^ Tt< ''tf* © © 


^ ._^ 92 oi x co x ©©©©x 

0©©i-H'^ '©©© CO © © CO © l> © 05 © X © ^ 04 

22222 2 2 2 2 ^—< © © © © ©©xxx xt^t^t^t^ 


h^oocoo 

»-H © © ^ 

***** 

© © © © 



© © ^ 05 05 


X © CO *—' © 

05 05 05 04 ^ 


05 CO © X <-» 
4 s - © CO i—i © 


i i I i i i i i i i 


^ © X X ^ 
X © © X 05 


Ot^NOW 



© © ^ 05 

© © © © 


X T# 1 © © © 
***** 

***■• 04 CO rt< © 


© 05 CO Tt< IO © b* X © 


© ^ 05 CO rf 


•o © N- X © 

▼H f-H <f-H i—( T-M 


Oh^Wt)* 
05 05 05 04 05 


US © |n. oo © 
05 05 04 05 05 


Courtesy of York Corp. t York, Pa. 

Inches of mercury below 1 standard atmosphere (29.92 inches). 








































DAIRY ENGINEERING 




X 

X 


■J 

< 


pfi 

O 

Cm 



<< 

5M 

Z 

o 

s 

s 

◄ 


a 

w 

b 

■< 

« 

p 

b 

■< 

GQ 

Pu 

O 





o 

PS 

A* 


W 

iJ 

CQ 

C 

H 

w 

PS 

p 

cfi 

CO 

W 

PS 

Ph 

W 

O 

P 

«< 

O 



<1 

*- 

H 

a 

as 

a 

u 

Oh 

(Gauge) 
Lb. per 
Sq. In. 

g„ p. 

®o co co co co 

to © b* 00 © 
CO CO CO CO CO 

© ^ 05 CO 

^ 

Jg <0 b. X © 
^ ^ 


u c 

. 

o “v* 

5 

CO t-H © 00 CO 

000^0)0 

WCOWWN 
» » • 1 1 

to co h ©oo 
© © © © 00 
05 05 05 05 05 

• * * 4 « 

b> © Tt< 05 © 
XX X XX 
05 05 05 05 05 

*44*4 

- n 

© X b» © ^ 
NNbbN 
05 05 05 05 05 
***** 

Entropy 

fe Ja 

§- a £t 

> Do 

' W*: • h ' 3 

b» CO © © 1-H 
© © © © © 

• * ■ * t 

.148 

.144 

.140 

.137 

.133 

© © CO © © 
WNNHH 

4*4*4 

CO O b ^ rH 

fhhooO 

***** 


Liquid 
B.t.u. per 
Lb. °Fahr. 
s 

CO 00 o CO to 

CO CO Tt< T* Tf 

■ tail 

o 

b* © *-• co © 
Tt< ^ © to to 

• * • * * 

b» © fH CO ^ 
© © © © © 

* * * • * 

©X© FHCO 

© © b- b- b. 

• * • • 4 

Latent 
Heat B.t.u. 
Lb. per 

L 

00005 CO 

to © ** CO 05 

to to to »o to 

to to tO to to 

© ^ t^© 

r-H O © 00 

© © © Tf 

© © © tO © 

05 © X *h © 
***** 

X b» © © © 
Tf< ^ ^ ^ 

© © © © © 

544.8 | 

544.1 
543.5 

542.8 

542.2 

Heat Content 

V apor 
B.t.u. per 
Lb. 

H 

616.8 

617.1 

617.4 

617.6 

617.9 

05 rf b* © 

00 00 00 00 © 

© © © © © 

^ © x © co 

• * * 4 • 

© © © © © 
fH fh 05 05 

© © © © © 

© b* © ^ co 

***** 

OOOfhh 
05 05 05 05 05 
© © © © © 

Liquid 
B.t.u. per 
Lb. 
h 

© 1 05 05 CO 

1 -H 05 CO ^ to 
CO CO CO CO CO 

CO CO CO 05 05 
* * * * * 

© b» X © © 
© © © © b- 

05 IH © © X 

H 05 00 CO ^ 

b* b* b* b* b» 

b- © Tf CO 

© © b* X © 
NNNbb 

Density 

Vapor 
Lb. per 
Ft. 

i/v 

00 r-H 00 **H 

aO CO CO CO b- 

***** 

o 

^ ^ 

X X X 

© © © © © 

«-* f-h ^ 05 05 

b* © ^ b» © 
OhhhN 

05 05 05 05 05 
***** 

Vol. Vapor 
Cu. Ft. per 
Lb. 

V 

to 05 05 b» to 

CO 05 © © 00 

cO cO © to tO 

^ T#< 

b» © © ^ CO 

© © © © © 

© © b» © i—< 

05 iph ©©© 

© © © tH 

WtOOOHTff 

X b- © © © 
***** 

Tt* ^ ^ ^ ^ 

Temp. 

Fahr. 

i 

© CO © tO tO 

© X© © 

r—1 iH r*M r— t C5 

^ CO 05 11 © 

rH 05 CO ^ © 

05 05 05 05 05 

OON»OMC5 

***** 

© © b- X © 

05 05 05 05 05 

© X to CO ^ 
***** 

o © ^ 05 CO 

wcowww 

Pressure 
(Gauge) 
Lb. per 
Sq, In. 

9 - V - 

© -h O5C0 ^ 

CO CO COCO CO 

© © b-00 © 

CO CO COCO CO 

OHC5«Tt< 

^ Tf Tt< Tf 

10 © b» X © 

^ Tfl 











PRINCIPLES OF REFRIGERATION 


149 


© -J <N M •■+ 
iq iC tO tO 


IO 0b>OO O 

iO iO 


© CO © CO CD 


IO © b- 00 © 
© © CO CD 


o —< 04 CO if 

I s * * I"'" I s * I s * 


to C0 b* 00 w* 
l* N N I s * l> 


WNOOJN 
N,Nt«.0O 
flNN WN 


C0 © if CO —< 
© © © © © 

* * * * * 


© X b* © 
© © © © 

* t * * * 


© if X 04 — 1 
© © © © © 
04 04 04 04 04 

* * * * * 


S © x b- © 

if if if if 
04 04 04 04 04 



© if X 04 — 1 

Tf Tt ^ Tf rt 

04 04 04 04 04 


X 10 04 © © 
OS OS OS 00 00 

o o o o © 

• I * * * 


W000 10 04 
X X b* b- b- 

o o o o o 


© b» if 04 © 
C0 C0 C0 C0 C0 

© O o © o 

I > t f > 


10 04 O 00 
© 40 © t0 if 

© © © © o 


© X —' 00 © 
if if if X X 



* 


Tf 04 OS 0* 10 
X CO 04 04 04 
© © © © © 


10 Q0 © ^ 

b- b l> X X 



« * • * 


CO 10 © 00 © 

x oo oo oo x 


^-4 04 if © © 
© © Os 0s © 


00 © *—* 04 00 

© © © © © 
*-1 i-h 04 04 04 

■ • * • f 


© © b © © 
© O © © 

04 04 04 04 04 


^ 04 if © © 
04 04 04 04 04 


10© 04 © © 

* * * * * 

i-i © © © © 

if if if X X 
© © © © © 


^NH©0 

• I « * t 

X b* b- © © 
X X X CO X 
© © © © © 


if X 04 b- 

*■4*4 

© if if x x 

X CO X X X 
© © © © © 


© © X X 04 

4 * * • 4 

04 —' — 1 © © 
X X X X X 
© © © © © 


b* 04 © *— 1 © 

© © X X b 
04 04 04 04 04 
© © © © © 


O © © © © 

4*»4* 

b © © © © 
04 04 04 04 04 
© © © © © 


©b X © 04 


—t ^ 04 04 
04 04 04 04 04 
© © © © © 


if © b © © 


04 04 04 04 X 
04 04 04 04 04 
© © © © © 


04 'if © b X 


X X X X X 
04 04 04 04 04 
© © © © © 


© -< 04 if © 

• * # * * 

if if if if if 

04 04 04 04 04 
© © © © © 


© X © -h 04 
* * * ■ * 

if if ^f 10 10 
04 04 04 04 04 
© © © © © 


X if »0 b X 
• * * • • 

© © © © © 
04 04 04 04 04 
© © © © © 


© X © if 04 

donciw 
x x x x x 


© x © x © 


if if © © b 
X X X X X 


x © x © b 


I s - X © © © 
XXX©© 


© 04 © © X 

^ 04 04 X ^ 
© © © © © 


© © X © © 
if © © b b 

© © u * © © 


X © © 04 X 


XX©© 
© © © © 




TfNOWN © X © © X ©QX©© X © © 04 © © 04 © © 04 © X 04 © X 

04 04 X X X if if if © © ©©©©© bbbXX X©©©© © © >—i t—i 

0404040404 0404040404 0404040404 0404040404 04 04 04 04 X XXXXX 

• 14 + 4 ••**• I ■ I « 1 • ■ • ■ m m + m a. . 


X i-i © © X 
if if X 04 04 


^ "ff Tf< 


b 04 © n © 

f—I T—I © © © 




i-i © ^ b-04 
© X X b b 


XXXXX 


b X © © —< 
© © © © © 


XXXXX 


b X © © 04 
if if X X X 

* * • * 4 

XXXXX 


X if —* b if 
04 04 04 *-i r-i 

XXXXX 


X © X 1-1 X 
**•*# 

X if © CO CO 
XXXXX 


© 04 © © X 

• t t t t 

b X X © © 
X X X X if 


© © X © © 

4*444 


O —< 04 04 X 

if if if if if 


04 x © i-t b 

If if © © CO 
if if if if if 


X © © i-( b 

* * 4 4 * 

b b X © © 

if if if if if 


X © © © © 

• ••ft 

© © 1-1 04 04 
© © © © © 


O — 04 X if 
tO © © © © 


•0 © b X © 
© © © © © 


© —i 04 X tM 
iD © © © C0 


© © b- X © 
© © © © © 


O 04 X if 
b b b b b 


10 © b X © 








































150 


DAIRY ENGINEERING 


0? /—V L 

k O flt — 

3 bfi r? ® • 

to 3 si, 

S'<=5* 


OhNM^i 

oo oo oo oo oo 


»«»o8w 8Sg§33 §§&£§ 


u u, 
<U JS 

a"3 


§*3^ 

> v _• 


Q 05 Xl>t^ 
CO CO PO 00 


«3 


*0 X CO 00 
CO CO CO CO CO 
CS NW CS CS 


w^oooo 

X X X CS <N 


X h- CO CO X 
NNNNN 

nnwwn 


fcn L 

2jS 


d a «i l 
£ 

VI ^ ^ 


«s 


”S222 

o o o o o 


00 ^ X CO 1C 

^ t-hooo 


05 b. X 

05 05 05 
05 05 05 


00 1—1 05 X CO 
05 05 XX x 
05 05 05 05 05 


-a fc.fi 

!S a* 

3 .&t, 
C* Oo 

# P""l * 

h3 ■“. X 

«s 


t*- 05 o 1 -i CS 
H CS CS CS 
<N<N<NCS<N 


X ^ CO b* x 
CS<NCS<N<N 
CS<N<N<NCS 


05 o 1-H CS X 
NMM«« 
CS<NCS<N<N 


>OON00 05 
XXX XX 

cs c* cs cs cs 


o a 

* PQ 

s « 


3 * -9 

^ PQ ^ 

j flj S3 


^ 05 O X oxoxo 


Tt< X X X cs 
CSCS<N<N<N 
X X X X X 


NhhOO 
cs cs X CS CS 
X X X X X 


X O X O CO hOhN(C 

*•• •* > * ■ t t 

05 05 00 00N NCOCOXX 

xxxxx xxxxx 


T I 

t-H 3 
X p5 

* S 


u 

u rv 
O ^ • 

PQ 


05 O ^ X Tt^ XCONXO 


X CO C0 CO CD 
CS<N<NCS<N 
CO CO CO CO CO 


CO CO CO CO CO 
CS CS CS,CS cs 
CO CD CO CO CO 


CS X ^ XCOt^ X 05 


N N N N 
CS CS CS CS CS 
CO CO CO CO CO 


NNNNN 
CS CS CS N N 
CO CO CO CO CO 


u 

tj q, 

*3 • 

3 • ,0 

Cf3j 

w 


X *“< I'* X 05 


-9 ^ 


-HCS CS X X 

o o oo o 


NMO 


NXOO Tt<OCOi-iCO 


Tfxxcoco b- X X 05 05 

ooooo ooooo 


cs cs 


•a g.8^ 


CS X X H x 
CS CS X X X 
XXXXX 


X rH TfH X 
X Tt< Tf T#< X 

xxxxx 


T* b- 

X X CO CO CO 

xxxxx 


o ^ o x 

b- l> X 00 

xxxxx 


u ^ 

ftO. 
al • 


A 


X X CS 05 
O O O 05 


O^HOOX CSOb*XCS OXXX^H 

05C505XX x x b- b- t^cocococo 


XCPXXCS N CS CS CS CS CSCS<N<N<N CS N CS CS N 


o 3 

>o 


an* 

g-g 

0) _« 


b-XXX 0)Tf 0X0 lOOCOrHCO 


X X Tt< ^ x 

xxxxx 


X o x o 


U5ONN00 X 05 05 © O 1—< 1—I CS CS X 
XXXXX XXXCOCO CO CO CD CO CO 




O i—i CS X lO CO b* X 05 © —< CS X Tt< lOONQOO 

XXXXX XXXXX X 05 05 05 05 X 05 05 05 05 












PRINCIPLES OF REFRIGERATION 


151 


CO 00 

oooo 


82222 “2222 22222 §2222 



Tt<MHO00 

NWNNh 


CS CS CS CS CS 


0 0 00(00 
*-* * o o o o 

<N<N<N<N<N 


tj* CO H"* © ©5 

0 0 0 0 05 

<N CS CS CS rH 


oo «o no rt< 

05 05 O O O 



» 


MNhO^ 

o O* 00 



t * i • t 


tP ^ b- ^ © 
OOOONNN 
C * w' » O* ^75 05 
* « • • * 


N-^ON^ 
<O<O<O1O1O 
05 05 05 05 05 
* * * * * 


i-h X »© CS 05 
1© T*< T#< Tt< X 
05 o j 05 ob 05 


OWONiO 
co coco CS CS 

05 05 05 05 05 


<N 05 Jt"» ^ r-< 
CS ^ ^ H 
05 05 05 05 05 


05 C© *"-4 05 
O O O O 05 
05 05 v* 00 


ON^OOO 

Tp 'rp TP ^ Tp 

<N<N<N<N<N 


O <N tP c© b- 

1 © 1 © 1 © 1 © 1 © 

<N <N <N N <N 


05 co tP <0 
l© C© CD C© CO 
CS CS CS CS CS 


OOOh w^< 

CO l> h- 

CS CS CS CS CS 


CD X 05 *-h CO 
OO QO 
<NCS<N<N<N 


Tf C© t>- 05 O 
00 00 00 00 05 
<NCS<NCS<N 


X 05 © rH CS 


tP CO cocs -h 

I© 1© l© l© l© 


CO ^ CD X 05 o CS tP CO X OCS^C©05 

oo 5 odt^c© <©i©tpxcs cs 1—< o 05 x 

H o Q Q Q QOOOO 0000505 
#© #© 1© i© 1© 1© 1© i© i© 1© 1© 1© 1© >*p -Tp 


NC0K5 00O 


OONCDtOtO 
05 05 05 05 05 
tP Tf Tp TP Tp 


CO »© x ^ 

• • t t t 

Tp X cs cs ^ 

05 05 p5 05 05 

TP TP TP Tp ^P 


o ** X I© c© 

06 oo 06 06 06 
cs cs cs cs cs 

c© C© C© C© CO 


X 05 *-« CO ^ i0r-*X05i—I C1C0 t}< »ON X 05 O «—I CS X^iOCDt"- 

t • * I t * ■ * * * • » I * I • • • I f til#* 

00 00 05 05 05 05 05 05 05 O <^b O O rH rH t—< ^4 ^H ^H 

cs CS N CS CS CS CS CS CS X XXXXX XXXXX CO CO CO CO CO 

<C<OCC<C<D C© C© C© C© CO C© C© C© C© C© C© c© c© c© c© C© CO CD c© c© 


CSCSX’^P^P i© *© i© i© l© i© i© tP CO CO CS rH o 05 X N © 1.0 CO Cl © 05 1--i© X 

* * * < t * I * * * * • * * * tilt# I • t I t *«**t 

X tP i© © h» X 05 O 1-1 CS X tP i© CO 00C5OOH CS X Tp I© C© NNOOffi© 

^Hi-HCSCSCS CS<N<N<N<N CS CS X X X XXXXX X X X X tP 


N«a<OW 

QCOOpH 
CS X tP tP 
* * * » » 


05 C© CS 05 l© 
1-* CS XX tP 

Tp Tp TP TP Tp 


CS X »© <—t X 
iO © C N N 

Tp Tp Tp Tp tP 


TP i-H f>« Tp © 

X 05 05 o H 

TP Tp Tp l© l© 


NWOOX 
H M COCO 

l© l© l© l© l© 
* * * * * 


O CD x 05 co 

i© i© CD CD |>. 

i© i© i© i© i© 
***** 



05 ^ Q C© CS 

l© 1© l© TP Tp 

cs CS CS CS CS 


05 I© rH X I© 

XX X cs cs 


cs cs cs cs cs 


1 -H x I© CS 05 
<NCS<N<NCS 


CO Tt< f-H oo c© 
O O O 05 05 


CldClHH 


X rH 05 c© ^ 

05 05 X X X 
***** 



CS ©X<© tP 
X X 

***** 



*© i© tP tP x 
***** 

X Tp i© c© ^ 
C© c© CD C© c© 


CS i—i o X b- 

***** 

OOOJOOh 
C© CD !>■ ts. 


CO Tf CS rH 05 

CS X tP i© i© 
N N N t— 


NiO«*h(35 

co x 05 05 

NNNNN 


CO tP CS 05 C© 
***** 

O *-H CS <N X 
XXXXX 


^HOO©C1 

* * * * * 

t$< i© i© c© 

XXXXX 



CS Tf CO x 

oooo 


O CS c© x 




CS tP CO QO © CS tP c© 
cs CS CS CS X X X X 


2 S2 3£ S5 o cs rp c© x 

TT TP tP Tp Tp IO t© 1© l© i© 




































152 


DAIRY ENGINEERING 


3 So g 

tn 3 w 

* m * 

JJr'SXi 


ja cr ^ 

JCO 


ON^<OQO 

to co co co co 


ON^OOO 

^ Is [s 


2S3!S95 om^coqo 

CO X GO 00 X Ci 05 05 05 05 


P tm 

t ^ jC 
O ^ si 
a> 

«j 3o 
^ *** jD 

pq2 


X ^ lO IO CO 
X X X X X 


WNhOO 
X XX 00N 


OONtOO^ 
N N N N N 


CO CO <N-to 

N N (s 


tn In 

4) J3 

*j3s; 

h *> 

«3 


CO Th 05 CO 
05 05 05 X X 
X X X X X 


T* 0 * 05t> lO 
MOONNN 
X XX XX 


CO O X CD oo 

I s - I s * cO eo co 
xxxxx 


05 IN. id CO 
CO lO 10 tD iQ 

xxxxx 


u fc, 
_, CJjj 

rs ais 

3 * 

cr 3 o 

* 


<N W ^cO N 
05 05 05 05 05 


05 O <N 00 
050000 
Oi co co eo co 


Oh- X 05 

o o o o -* 

CO COCO X X 


(N ^ ICON 

xxxxx 


25 63 

o 3 

S n 
S 

<1 H 

o w 
u tf 

h 3 

<; co 

02 CQ 

5 a 

Ch Ph 

M w 

fo o 
O 3 

eft rH 

W U 


3 

cH-O 

aj ^ 

H aj O. 

s 


hONiOOO O^hOW CO 05 C$ iO 05 W *D 05 N *0 


g OOOON 
05 X X X 
^ ^ ^ Tj* ^ 


u 

O 

a 

> 


00 


*3* 


hhh(N(N 
XXXXX 
CO CO CO CO CO 


:2 a 

O^ 3. 3 ** 

* H M 

M ^ 

tt 


HHINW^ 

^ ^ ^ T}H 


ts. CO lO lO ^ 
XXXXX 
tJ< rt 1 rh rf t}< 


CONNhO 
XXXXX 
Tf rfl Tfl Tt< Tt^ 


OOIOOMN 

QONNNN 

Tfl Tt^ Tj^ T}< 


Ol X T#< iO iCCOt^t^X X050500 


XXXXX 
CO CO CO CO CO 


XXXXX 
CO CO CO CO CO 


Ol MMXX 
XXXXX 
CO CO CO CO CO 


05t^i0X i-HXCO^C* OMOMO CD^OOOW 


iO fcO CO l> X 

^ Tf< Tf Tfl 


X 05 O i—< 

Tf rf io 1C 1C 


NX^^iO 
iO iO iO *0 



>), h 

-p b a> 

* ^ o o * 


NOiONO 

iO (N X to 

OOIOHOO^ 

« Cl a ,J 

X X 05 O O 

1-H <N N X 

^ io co co r» 

Den 

Va] 

Lb. 

F 


IO *o tO CO CO 

A * * * * 

o 

CO CO CO CO CO 

* * A ■ • 

CO CD CO CO CO 


1-4 X ^ «-l X 
XX 0500 
CO CD CO 


I_ *- 

o & 

• • 

>£3^ 

3 * 

>Q 


NOOOO^ 0* ^ 05 CO T^Xt-iOX *> *2 £2 12 

NNOOO CO CO tO *C *C to tO *D tO Tf tJ< ■<* Tf rt< 



a c 

s-g 

tt> r « 


OOCCON ^tON^O NCOOiCON X^O^X 


XX0500 i-h <N <N X ^ 
X X X 05 05 05 05 05 05 05 


T^iOiOeDt— 
05 05 05 05 05 


NOOOO 
05 05 05 05 











PRINCIPLES OF REFRIGERATION 


153 


© O © 

d d Cl d d 


lOO^Q^ 
d CO CO ^ 
d d d d d 


05 b* © CO 1—I 
CO © © © © 


O 00 CO ^ Cl 
© © © © © 


OiOQ‘00 
IO trsOCON 

d ci ci ci ci 


© O © O © 
t- 00 OO © © 
d d d d d 


n 


s 


00 t'- © CO 
rf 


M O 00 N ‘O CO 
Tt« Tt< CO CO CO CO 


f-H cO i—i CO *h cO Cl 

© *«*< CO CO Cl Cl 

OOOOOOOOOO 00 00 


t-COOO ^ 05 © CO 
1 -H 1-H O 0 05 05 05 00 
0000 0© O0NNNN 


CO 00 Tf o CO ci 
OONNNO CO 
NNNNh 1 N 

A * 4 * * * 


x -H ^ o CO CO 
1-1 d Cl Cl CO CO CO 

co co co co eo co co 


© 1-H Tf COOJCI^N 

COrJ^rf* -rf © © © 

CO CO CO COCOCOCOCO 

* * * ***** 


© d '<f © — 
© © © © © b- 
CO CO CO CO CO co 


05 Cl 1 — kO o Tt< 05 Tt< 05 CO 05 Tf O kO i—' © d 00 05 

*** ** *** * ***** * 

© © CO d © © I s * © ■*£ d i-h © 00 t"- © rt< d >-h © OO © 

N N N NN © © © © © CO © © © © iO kO © ^ "^ t}* 

Tt< Tf nf Tf ^ ^ Tt< T+< Tf 


-H (M CO kO © 00 00 © 


CO CO CO CO CO 
CO CO CO CO CO 
© © © © © 


co co co co co 
co eo co co co 
© © © © © 


05 o o o o 


CO 'if Tt< Tf Tf 

CO CO coco CO 

© © © © © 


© © © © © 

© 

m 

Tt< Tf Tf Tt< 


co co co co co 

CO 

© © © © © 

© 


Cl © © co © 

© CO © •*# © 

© i-H © © © 

© Tt< oo d © 


© 00 © r-i CO 
kO © © © © 

^H i-*« »-H H rH 

^ © © i-t 

© © © © 

d Tf< © 00 

r* 

os ^ ci ^ © 
^ 00 00 00 00 

h- 

00 


^ i-H T—< 

eo ^ © oo 

NNNNN 

***** 


r-H 00 ^ 
05 1—i CO © 

oo 00 00 00 


*-« QO © d © 

oo © co ^ 
oo oo © © © 


© CO Q 00 © 
© 00 © i-< CO 
© © © © © 


Cl 

© 

© 

* 


co eo co d 

© CO © 00 © 

d d d ^ i-H 

CO i-H 

©In- © 
© © © 

co d © oo t** 
O 05 os 

© 

o* 






© 

© CO 00 d © 

© T* c- © CO 

© © 


00 © -H CO Tf 

© 

© d CO © © 
© © © © © 

oo 05 © ci co 

ooh^.^ 

Tt< © t>- 00 © 

© d co © 
d d d d d 

© 

d 

© © © © © 
OO^HW 
d d d d d 

© o © o © 
d co co Tt< Tt< 

d d d d d 

© © © © © 
© © © © b. 

d d d d d 

© © © o © 

fc"- 00 00 © © 
d d d d d 

300 
































154 DAIRY ENGINEERING 

ing truck bodies and ice-cream cabinets, where lightness in weight is 

essential. It is necessary to insulate dry-ice coolers very well for the 
sake of economy. 

Artificial Refrigeration. Artificial refrigeration is accomplished 
principally by the mechanical compression system or the absorption 
system, both of which have a number of variations. The compres¬ 
sion system is by far the most widely used on account of its depend¬ 
ability, ease of control, and simplicity. The principle of this system 
is most easily understood if it is likened to a steam boiler plant, the 
cold evaporating coils taking the place of the boiler, and the refriger¬ 
ant, which is a liquid having a low boiling point, taking the place of 
the steam. The low boiling point is an essential characteristic, for the 
refrigerant must be capable of boiling at temperatures lower than that 
which is needed for cooling a product. The most common refrigerants 
are ammonia, sulfur dioxide, carbon dioxide, methyl chloride, and 
Freon. Table XXX shows the properties of these substances. 

Reference to Table XXXI shows the detailed properties of am¬ 
monia and the similarity between the steam and the ammonia tables. 



Fig. 63. Artificial Refrigeration by Evaporation of a Volatile Liquid. 

Cooling by Evaporation of a Volatile Liquid. In order to under¬ 
stand the operation of the refrigeration machine, let us first consider 
that we have a drum or pipe, see Fig. 63, containing ammonia which 
boils at — 28° F. at atmospheric pressure. We attach a discharge 
pipe to this coil and lead it outdoors. Now, if we watch, we will 
find that the ammonia in the coil will boil, just as water does in a 
boiler, and as it boils or changes to a vapor, it absorbs heat just as 
water does when it changes to steam. If this coil is in a brine tank, 
it will absorb heat from the brine, thus lowering the temperature. 
The vapor formed by the boiling ammonia is carried outdoors by the 
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discharge pipe, and is lost in the illustration we have assumed. This 
cooling action goes on as long as any liquid ammonia is left in the 
coil. Thus we have a simple artificial method of cooling by the evap¬ 
oration of a volatile fluid, but it is very expensive to operate since 
the ammonia, if that is the fluid used, is lost to the atmosphere. Engi¬ 
neers have found that this ammonia vapor can be caught and used 
over again by adding certain accessories, which constitute the com¬ 
pression refrigeration system. See Fig. 64. 

Compression Refrigeration System. In the compression system 
we connect a gas pump or compressor to the ammonia vapor line, then 
draw the vapor from the evaporator and force it into a pipe-shaped 
cooler called a condenser, where the ammonia vapor is cooled by water 
or air, and it condenses back into a liquid which can be used over 
again continuously as long as the pump operates and cooling is sup¬ 
plied in the condenser. Thus it will be seen that the heat which is 


absorbed by the boiling of the ammonia in the evaporator, together 
with the energy added by the compressor, is given off and carried 
away by cooling water in the condenser. The ammonia vapor, when 
forced into the condenser, under pressure, is cooled by the water and 
condenses, giving up its latent heat of vaporization. The exact pres¬ 
sures will depend upon the temperature to which it is cooled. The 
principle is the same whether the refrigerant is ammonia, carbon di¬ 
oxide, or methyl chloride, but the pressures will be different, and the 

size and speed of compressor will vary with different refrigerants to 
produce the same capacity. 


Capacity rating of refrigeration machines is based upon the rate 
at which they are capable of extracting heat under a given set of 
standard conditions. The ton, which is the common unit of capacity, 
is the equivalent of 288,000 B.t.u. in 24 hours (200 B.t.u. per minute! 
or 12,000 B.t.u. per hour) of continuous operation. This is also the 
amount of refrigeration accomplished by the melting of 1 ton of ice. 
The standard ton, used in rating compressors, assumes that the heat 
is extracted from the evaporator at the above rate with the gas enter¬ 
ing the compressor at 5° F. and leaving it at a pressure correspond¬ 
ing in the refrigerant table to saturation at 86° F. 

Reference to Fig. 64, which is a diagram for a commercial direct 
expansion compression refrigeration system, shows how the system is 
made up of the four principal parts: first, the evaporator or expansion 
coil where the refrigerant evaporates and absorbs heat from the room 
or object which is to be cooled; second, the compressor which draws 
the vapor out of the evaporator and maintains a low pressure in it 
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then raises the pressure of this vapor and forces it into the condenser; 
third, the condenser, which receives the vapors from the compressor 
and cools them so that they will condense to form the liquid refriger¬ 
ant at high pressure; fourth, the expansion valve, which regulates the 
flow of refrigerant to the evaporator. The liquid is now in condition 
to start through the cycle again, after expanding through an expan¬ 
sion valve to the lower pressure and temperature of the evaporator, 
and is used over and over. It will be noted that the heat which is 
absorbed in the evaporator or expansion coil, and also the heat due 
to compression, are taken out of the system by the condenser water. 

Evaporator. The evaporator or expansion coil, which is the part 
of the system in which the refrigerant boils and absorbs heat, is usu¬ 
ally constructed of pipe or tubing. The materials depend upon the 
refrigerant used. For ammonia, steel is most practical. With Freon 
12 or sulfur dioxide, copper tubing is very frequently used, princi¬ 
pally on account of its ease of installation and its somewhat better 
heat transfer. Copper is not permissible in an ammonia system on 
account of its chemical action with the ammonia. 

Coils are of the plain or finned type. Plain coils are suitable for 
brine cooling and for many room coils; however, the finned-type coil 

is very common for cooling air, as usually a more efficient heat trans¬ 
fer is obtained, resulting in a more compact unit. Finned coils frost 
over badly in low-temperature rooms and lose their efficiency unless 
special means for defrosting are provided. 

The heat transfer from pipe coils in B.t.u. per hour per degree 
temperature difference per square foot of surface i£ usually consid¬ 
ered to be 2.5 when the pipes are in contact with still air, and 10 when 

they are in contact with still brine. Rapid agitation will double these 
values. Special types of flooded coils in rapidly moving brine greatly 
exceed this performance. 

The method of feeding the liquid to the evaporator and removing 
the vapors has a bearing on the efficiency of the evaporator. The 
most efficient results are obtained when the surface is fully flooded 
with liquid at all times and the vapors are free to pass out. In a coil- 
type evaporator fed by a float control, if the vapor pipe leading from 
the top of the coil is too small, a pressure will be generated in the 
pipe, which will hold the liquid out of contact with the coil so that 
it is not fully flooded since the only pressure supplying liquid to the 
coil is the hydrostatic head of the liquid. Many plants have greatly 
increased their efficiency by enlarging the gas passages in their flooded 
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systems. It sometimes pays to raise the accumulator to a higher 
level, if the coils are not being fully flooded. 

The three principal methods of feeding the coils are: (1) the 
float-controlled flooded system, Fig. 65; (2) the expanding system, 



Fig. 65. Full Flooded Evaporating Coil System with Float Control. 

Note arrangement of the liquid and gas headers and the accumulator hook-up. 


Fig. 64; (3) the ammonia-circulating system in which a pump is used 

to force the ammonia through the coils. 

The evaporator may be of many different types in addition to the 

* 

coil; for instance, the drum type as in a direct expansion ice-cream 
freezer, and the shell-and-tube type which is frequently used for cool¬ 
ing brine or water. 

In operation, the evaporator must always operate at a tempera¬ 
ture colder than that of the room or object it is to cool. Usually, 
for rooms, this temperature differential is about 10° F. In freezers, 
it may be 30° to 40° F.; and in milk coolers, it may be 1° to 2°F. 
Ordinarily, the more surface used, the less temperature difference is 
required. The heat transfer follows the general laws quite closely, 
and the capacities can be readily figured by means of the standard 
formula. It will be noted that, the lower the temperature required 
in the evaporator, the lower back pressure will be needed on the re¬ 
frigeration machine. Operators try to keep the back pressure, or pres¬ 
sure of the gas entering the compressor, as high as is consistent with 
doing the work because it gives them more capacity from their com¬ 
pressors and requires less power per unit of work done. An evapora¬ 
tor which is lacking in surface or has a low k value is expensive to 

operate. 
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Evaporators, being very cold, will accumulate oil and non-volatile 
liquids on the inside, and frost on the outside, all of which accumu¬ 
lations decrease the efficiency and should be removed at regular inter¬ 
vals. 

Compressor. The compressor has two functions: first, to draw the 
cold vapor from the evaporator, thereby maintaining a pressure in 
the evaporator sufficiently low to give a boiling point of the refriger¬ 
ant low enough to maintain th’e desired evaporator temperature; and, 
second, to pump the vapor into the condenser where it can be lique¬ 
fied at ordinary temperatures by means of cooling water or air. 

The compressor is merely a high-quality gas pump of efficient 

design, so constructed that it handles the particular vapors used. 

The design of the pump may be single or double acting, or vertical 

or horizontal. The modern trend is toward the vertical, single-acting, 

high-speed type with enclosed crankcase and pressure lubrication, 

following automotive practice. Belt drive is used on most small and 

medium-sized units, and direct synchronous motor drive on many 
large ones. Figure 67 shows a V-type compressor. 

The compressor must handle all the vapors from the evaporator 


or expansion coil; therefore, since each pound of refrigerant evap¬ 
orated occupies a definite volume, the amount of gas pumped per 
minute by the compressor determines the capacity of the plant. Since 
the work done in a refrigeration system is dependent upon the pounds 
of refrigerant evaporated, and since a pound of refrigerant vapor oc¬ 
cupies more space at a low pressure than at a higher one, it will be 
found that the capacity of the plant varies as the suction pressure 
changes. In other words, as the suction pressure is lowered, more 
cubic feet of the vapor must be pumped per pound of refrigerant; 
therefore, the capacity of the compressor is reduced. Figure 68 shows 

the approximate capacity in tons of a compressor operating at differ¬ 
ent back pressures. 


The capacity of a compressor is also reduced by higher head pres¬ 
sures, and this should be kept in mind by operators. 

Since any factor which causes the compressor to pump fewer 
pounds by weight of gas will decrease the capacity of the machine 
the wise operator will always try to maintain the capacity by operat¬ 
ing at high back pressure and by keeping the head pressure low 
Most of the power required to drive the compressor is absorbed 
by the vapor in the process of compression and appears as heat which 
must be taken out of the vapor by the condenser when the refrigerant 
reaches that part of the system. Usually the power consumption is 
roughly 2 horsepower per ton of refrigeration, and if 90 per cent of 
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4 

Ammonia Discharge 


Water 

Outlet 


Ammonia 

Suction 


Flywheel 



Parts 

Base 

Detachable cylinder 
Cylinder head 
Double-trunk-type piston 
Ring-type discharge valve assembly 
Ring-type suction valve assembly 
Floating piston pin 
Piston pin retainer ring 
(standard ring) 

Connecting rod 

Cylinder head gasket 

Cylinder base gasket 

Crankshaft for pressure oiling 

Crankcase cover gasket 

Crankcase cover 

Oil level glass and connections 

Safety valve assembly 

Blow-off valve assembly 

Discharge cross arm 

Discharge stop valve 

By-pass valve 

By-pass valve 

Suction stop valve 

Suction cross arm 

Suction scale trap 

Water jacket inlet 

Water jacket outlet 

Equalizing line 


Key Parts 

28 Piston oil ring 

29 Oil drain and oil inlet 

30 Four compression rings 

31 Piston pin bushing 

32 Oil hole 

33 Stud pin 

34 Clearance shims 

35 Top crank pin box—babbitted 

36 Crank pin bearing shims 

37 Bottom crankpin box—babbitted 

38 Adjusting nut 

39 Lock nut 

40 Cotter pin 

41 Connecting rod stud 

42 Connecting rod oil tube 

43 Crankshaft pressure oiling hole 

44 Cylinder head stud or bolt and nut 

45 Cylinder base stud or bolt and nut 

46 Crankcase cover plate stud or Dolt 

and nut 

47 Base foundation bolts and nuts 

48 Oil groove 

49 Discharge valve ring 

50 Suction valve ring 

51 Discharge line 

52 Suction line 

53 Equalizing valve 

54 Safety head spring 


Fig. 66. A Modem Vertical Enclosed-Type Ammonia Compressor. 
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this power appears as heat, it can be appreciated that excessive power 
consumption of a compressor due to high head pressures, and the like, 

serves to overtax the condenser and cause inefficiency. Table XXXII 



Courtesy of the Creamery Package Mfg. Co. 


Fig. 67, A High-Speed V-Tvpe Ammonia Booster Compressor. 

shows the effect of varying back pressures on the power consumption 
of a refrigeration machine. This is also shown in Fig. 69(u). Figure 
69(6) shows the effect of head pressure upon power consumption. 

Capacity of Vertical Ammonia Compressors. Table XXXIII 

shows the theoretical capacity in tons of refrigeration for 24 hours, 

together with the horsepower required at different suction temperatures 

and suction pressures and at a condensing pressure of 175 pounds per 

squaie inch, tor various sizes of compressors in standard use. Note 

t lat these capacity readings are for a compressor speed of 190 r.p.in 
and are lor each cylinder. 
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Oil in Refrigeration Systems. All ammonia refrigeration systems 
contain some oil. In some instances an excessive amount of oil may 
be very detrimental to the efficiency of the plant and in all instances 
it is important that both the correct type of oil be used and that the 
oil-maintenance program be strictly observed. Excessive oil in an 
ice-cream freezer cylinder or in hardening-room coils, for example, may 



0,2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 


Tons of Refrigeration 

Fig. 68. Effect of Operating Back Pressure on Capacity of an Ammonia 

Compressor. 

TABLE XXXII 


Effect of Compressor Back Pressure 
on Horsepower Required per Ton of 

Refrigeration * 


Back Pressure 

Hp-hr. per Ton 

Lb. per sq. in. 

Refrigeration 

20 

1 

15 

1.12 

10 

1.28 

5 

1.54 

0 

1.76 

—5 

2.27 


* Assuming 20 lb. suction pressure and 175 lb. head pressure as unity. 
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greatly decrease the efficiency of the machine and, in fact, have been 
known practically to prevent the operation of the machine. 

Some of the common causes of excessive amounts of oil are: 

1. High discharge temperature in the compressor. Excessive 
discharge ammonia-gas temperatures cause vaporization and actual 
breakdown of some of the oils, and cause microscopic particles of 



Fig. 69(a). Effect of Back Pressure on the Horsepower Required per Ton of 

Refrigeration. 

Low back pressure causes increased power per ton refrigeration. 
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the vaporized oil too small to be removed by ordinary oil traps to 
go into the system. Any factor such as air or impure gases in 
the system will cause excessive discharge temperatures, that is, 
above 350° to 400° F. Also, some refrigeration oils will not stand 
this high flash temperature. 

2. Carrying too high a level of oil in the crankcase, or oil that 
is too light. 

3. Often if suction pressures are lowered extremely rapidly, 
ammonia in the crankcase will boil, frothing up the oil and carrying 
it into the system. Sudden changes in suction pressure should be 
avoided. 

4. Worn piston rings, oval cylinders, or rings loose in the grooves 
will allow an excessive amount of oil to be carried over into the 
system. 

5. Oil traps ordinarily collect the oil, which may be returned to 
use. However, if the oil traps are too small, or, if the oil has 
actually broken down because of high temperatures in the com¬ 
pressor, the traps do not do much good. 

Compressor Oil. Oil used in the ammonia compressor must have 

qualities required for compressor lubrication, and it must also be of 

a type that will not congeal at the low temperatures found in the 

evaporator. It is also important that it have sufficient heat stability 

so that it will not break down under operating conditions to form 

gummy deposits in the system. Furthermore, it should drain readily 
from heat-transfer surface. 

From a practical standpoint, this ability of the oil to drain from 
the heat-transfer surface is of special importance in connection with 
the ice-cream freezer. It has been calculated that an oil film approxi¬ 
mately 0.005 inch thick will have as much resistance to the transfer of 
heat as 5 inches of steel. 

The Pour Point. The pour point of an oil is the lowest temperature 
at which the oil will flow. In an ice-cream plant, evaporator tempera¬ 
tures of 20° F. below zero are quite common, and it is obvious that the 

oil must have a pour point below this temperature if it is to drain 
properly from the heat-transfer surface. 

The Flash Point. The flash point is defined as the temperature at 

winch the oil begins to vaporize. Temperatures of 300° F. and higher 

are not unusual in compressors under normal operation and, in many 

instances, may be considerably higher. The oil should have a flash 

point above that of the maximum temperature which will be reached in 
the compressor. 
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Use of Additives and Other Methods to Improve Natural Char¬ 
acteristics of Oil. In an attempt to improve oils, companies have made 
use of additives. In some instances material called pour-point de¬ 
pressants have been used, although newer methods of refining have 
made it unnecessary to rely so heavily on material of this sort. 

Most of the oil companies are using naphthenic base oil dewaxed 
by solvent extraction, giving them the necessary pour point without the 
necessity of using additives. 

In some instances foam inhibitors are used to minimize carry over 
of oil. In other instances rust inhibitors, wetting agents, or deter¬ 
gents are used, in order to obtain faster draining of oil from evaporator 

surfaces. 

The plant operator can make a simple check of the pour point of 
an oil from an evaporator by putting a sample of that oil in the harden¬ 
ing room and cooling it down to the hardening-room temperature. The 
oil should remain fluid at the temperature at which it is used in the 
coil. If the oil should congeal at this temperature, it might gum up 
float valves and other operating parts, causing them to be sluggish in 
operation; it is also likely to coat the evaporative surface and thereby 
cause a reduction in the capacity of refrigerating equipment. 

Impurities in the System. When oil in an evaporator congeals at 
temperatures above the pour point of the oil, other impurities are 
indicated to be in the system, which are affecting the pour point, or the 
oil has broken down and is partially oxidized or carbonized. 

Some of the impurities in the system, which are ordinarily en¬ 
countered and which affect the draining of oil from the refrigerating 
surfaces, are moisture and dirt. The moisture in the system will form 
an ammonium hydroxide which, in turn, has an emulsifying effect on 
the oil. This emulsion will be slower to drain from the evaporator 
surface than pure oil. It is usually good practice on a freezer, for 
example, to warm the evaporating surface at the end of the day to 
permit the oil to warm up and drain to the bottom of the system, from 
which it can be purged. Moisture must be kept from the interior of 

the ammonia refrigerating system. 

Dust or dirt in the system will cause considerable difficulty with the 

oil. And it is, therefore, very important that the entire system be kept 
as free as possible from dust, rust, and other solid impurities. 

Broken-down oil is perhaps the most serious offender from the 
standpoint of oil troubles in connection with high-efficiency evapo¬ 
rators. Deposits of broken-down oil and other impurities collect on 
the evaporator surface and can only be removed by solvents. A 
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broken-down oil condition is indicated when carbon deposits appear 
on the compressor pistons. It is of note that most of this oil break¬ 
down is due to excessively high gas-discharge temperatures or the use 
of an oil with too low a flash point. Oils having a flash point as high 
as 440° F. are frequently used. 

Condenser. The function of the condenser is to remove sufficient 
heat from the vapors as they are discharged from the compressor so 
that they will be condensed back into a liquid which can recirculate 
through the system. All the energy absorbed in the evaporator and 
in the compressor is taken out in the condenser, usually by water or 

air. 

The condenser operates at approximately the pressure equivalent 
to the liquefying temperature of the refrigerant as shown in the am¬ 
monia table. If the temperature of the cooling water inlet is 70° F., 
the condensing pressure should not be higher than that equivalent to 
a temperature of 84° to 86° F. for the refrigerant as shown in the 
ammonia table. If it is, the operator should look for the reason. 
High head pressures cause reduced capacity and high power consump¬ 
tion. Usually excessive pressures are due to air or other non-con¬ 
densable gases in the system, or to deposits of scale or dirt on the 
cooling surface, provided that there is sufficient cooling water passing 
through the condenser. A commonly accepted value of 2 gallons per 
minute per ton refrigeration is the cooling-water requirement for re¬ 
frigeration machines under average conditions. 

Condensers may be of the double-tube type, the shell-and-tube 
type, the air-fin type, or the evaporative type. In small self-contained 
machines, the condenser usually is of the shell-and-tube type with the 
condenser also acting as the receiver or ammonia-storage drum. 

The Evaporative Condenser. Figure 70 shows one type of evapo¬ 
rative condenser which is quite well adapted to use in the dairy plant. 
The principal advantage of this type condenser is that it often saves 
as much as 90 per cent of the cooling water. It also affords consider¬ 
able saving in space and is quite effective in maintaining a low head 
pressure on the refrigeration system. 

Its performance is somewhat affected by the relative humidity and 
by air temperature. A unit should always be purchased having suf¬ 
ficient capacity to handle the load under the highest temperature and 
humidity conditions. 

This device does have several disadvantages; namely, it has a motor 
and fan that require some service; also it must be cleaned more fre¬ 
quently than most other type condensers, although this is not a serious 
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difficulty, except perhaps in an area where there is much dust and loose 
material blowing around in the atmosphere. 

In the winter, the water can usually be shut off entirely, and the 
condenser operates as a dry-type air-cooled condenser. 

The principle of operation is very simple, since the unit consists 
essentially of a compact ammonia coil, which is kept wetted at all 
times on the outside by flowing or sprinkling a small amount of water 



Courtesy oj the Mario Coil Co, 

Fig, 70. The Evaporative Condenser. 

over the exterior pipe surfaces; at the same time a rapid movement of 
air is maintained over these surfaces by means of a fan, in order to 
increase the rate of evaporation. Each pound of water that evaporates 
carries with it about 1,000 B.t.u., thereby greatly reducing the amount 
of water required as compared to water cooling by ordinary methods. 
The air itself also carries off much heat and adds to the capacity of the 

unit. 

Evaporative condensers can be obtained usually in sizes ranging 
from 3 to 100 tons refrigeration capacity and for all common re¬ 
frigerants. Some manufacturers provide 12 square feet of prime sur¬ 
face per ton refrigerating capacity. It is important that equipment of 
this type be made to withstand corrosion on both the inside and outside. 

Cooling Towers and Spray Ponds. Many plants have found it 
economical to cool the condensing water by means of a cooling tower 
or a spray pond. These units, if properly designed and of sufficient 
size, may save as much as 90 per cent of the condensing water. Bot 
the cooling tower and the spray pond depend upon cooling the water 
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by evaporation of a part of it for their principal cooling effect, al¬ 
though in cool weather a large part of the cooling may be done by 
direct contact with cool air. Theoretically, the lowest water tem¬ 
perature available from a cooling tower is the wet-bulb temperature 
of the air. This varies greatly, depending upon the dryness of the 
air. In practice, the wet-bulb temperature is not attained; however, 
oftentimes the water temperature may be within 2—4° of the wet-bulb 
temperature. 

The purpose of the cooling tower is to expose the water in a thin 
film to a moving current of air. The water is sprayed or dripped 
down onto wood or metal surfaces, where it is exposed to the action 
of the air but protected from being blown out by means of louvres. 
Most cooling towers are of the natural-draft type; however, there are 

many of the forced-draft type, the new style evaporative condenser 
being an example. 

All plants should have a liquid ammonia gauge glass on the re¬ 
ceiver, for very frequently it will be found that refrigeration trouble 
is no more than simply lack of liquid ammonia in the receiver. This 
is especially likely to occur in ice-cream plants, where the hardening 
rooms are very cold; the ammonia collects in the hardening room 
coils instead of going back to the receiver. 

Booster Compressor. In some plants it is desired that part of 
the refrigerating load is at temperatures of 0° or lower, while much 
other work is done at temperatures of 30° F. or higher. It has been 
found under these conditions that considerable savings in power and 
capacity can be effected by having a booster compressor on the low- 
temperature load. The booster compressor draws on the low-tempera¬ 
ture evaporator and discharges its gas into an intercooler, which in 
turn is piped to the suction of a standard high-pressure refrigeration 

machine Since the booster need pump against only low pressure, it 
can be of a high-speed low-pressure type. 

Booster compressors are also widely used for increasing the capacity 
o a refrigeration system at minimum expense. The performance in 
horsepower required per ton refrigeration for low temperature is very 
uch in favor of the booster compressor system. A typical booster 

compressor system is illustrated in Fig 71 

refrigeration^ * ** appHcation of direct-expansion 

rigeration, some plants have found it economical and desirable tn 

m e use of small individual compressors connected directly to a 
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refrigeration line from the main system. In many installations of 
this type a Freon system is used. 

Factors Affecting the Economy of Operation. Economical opera¬ 
tion of refrigeration systems is brought about by maintaining all con¬ 
ditions so that the head pressure will be low and the back pressure 
will be as high as is consistent with doing the job. The factors that 
tend to raise the head pressure and thus cause inefficiency are: 

1. Air or non-condensable gases in the condenser. 

2. Scale and dirt in the condenser. 



Courtesy of the Creamery Package A!fg. Co. 

Fig. 71. Hook-up for a Booster in Connection with a Two-Stage Compression 

System, Such as Is Used for Low-Temperature Refrigeration. 

Note: For the purpose of illustration the temperature and pressure conditions of the 
low-temperature evaporator and of the condenser were arbitrarily selected. All other 
pressures and temperatures as shown will approximate normal operation based on these 
conditions. 

1, Liquid refrigerant leaving receiver; 2, liquid refrigerant passing through float 
control to intercooler; 3* liquid refrigerant passing to liquid cooling coil in inter¬ 
cooler; 4, sub-cooled liquid refrigerant passing through float control to low-temperature 
evaporator ; 5, liquid refrigerant from accumulator circulating through low-temperature 
evaporator ; 6, refrigerant liquid and vapor mixture circulating from evaporator to ac¬ 
cumulator ; 7, low-pressure refrigerant vapor entering booster compressor; 8, hot inter¬ 
mediate-pressure refrigerant vapor leaving compressor and entering intercooler; 9, cold 
intermediate-pressure refrigerant vapor leaving intercooler and entering second-stage 
compressor ; 10, liquid refrigerant passing through expansion valve to high-temperature 
evaporator (optional) ; 11, intermediate pressure refrigerant vapor leaving high-tem¬ 
perature evaporator and entering second-stage compressor (optional) ; 12, high-pressure 
refrigerant vapor leaving second-stage compressor and entering oil separator; 13, high- 
pressure refrigerant vapor leaving oil separator and entering condenser; 14, liquid re¬ 
frigerant returning to receiver. 
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3. Condenser too small. 

4. Insufficient cooling water or air. 

5. Liquid refrigerant coming back to the compressor (flooding 
over). 

The factors which may require low back pressures and thus cause 
inefficiency are: 

1. Oil in the evaporating coils. 

2. Coils too small. 

3. Poor circulation about the coil. 

4. Lack of proper wetting of the inside of the coils with am¬ 
monia (fully flooded is most efficient). 

5. Impurities in the ammonia which cause it to boil sluggishly 
(water and broken-down oil or ammonia). 

6. Coils heavily coated with frost. 

Leaky or sticky valves, as well as worn piston rings, are also fre¬ 
quent causes of inefficient operation. 

First Aid for Ammonia Accidents. Prompt action is of great im¬ 
portance. First, summon a doctor; then, if patient is unconscious, 
apply artificial respiration until the doctor arrives. The following first- 
aid procedure is recommended: (1) For ammonia in the eyes, hold the 
lids open and pour water or a 2 per cent boric acid solution over the 
eyeball and lids. Wash thoroughly in this way for 5 minutes. Then 
allow 2 drops of liquid petrolatum to fall on the eyeball (2) For the 
skin strip ammonia-saturated clothing from the body, wash with water 
and then paint the burned surfaces with a saturated aqueous solution 
of picric acid. Do not cover with clothing or dressings. Allow to 

7sTZ T t0 e „ t “ Near the eyes usc soJL ° 

(3) For the nose and throat, snuff boric acid solution up the nose and 
of «t°e U r m thorou S h| y- should drink large amounts 
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cent boric acid solution; (6) 1-quart bottle of saturated aqueous solu¬ 
tion of picric acid; (c) 1-pound sealed package of absorbent cotton; 
(d) 1 ounce liquid petrolatum with medicine dropper. 

Charging Anhydrous Ammonia into a Refrigeration Plant. It is 
recommended that the detailed instructions of the manufacturer of the 
refrigeration machine be followed for the charging of ammonia into 

their plant. However, some general rules might be mentioned as 
follows: 

1. The anhydrous ammonia from the charging tank should be 
discharged as a liquid from the shipping cylinder into the low- 
pressure side of the refrigerating system, preferably at a point where 
the liquid ammonia may go directly into an evaporator or expan¬ 
sion coil. 

2. The valves of the refrigerator system during the charging 
operation should be set in such a manner that it is impossible for 
the ammonia in the general refrigerating system to flow back into 
the cylinder. 

3. The charging cylinder should be weighed before and after 
charging in order to know exactly how much ammonia has been 
taken out and placed in the system. 

4. If the charging cylinder is connected so that the liquid am¬ 
monia is fed directly into the low-pressure side of the refrigerating 
system as it should be, the charging cylinder will usually show frost 
when it is about empty. This is not, however, an infallible sign 
and should not be depended upon, as weighing is much more 
positive. 

Withdrawing Anhydrous Ammonia from a Plant into Empty 
Cylinders. It sometimes is necessary to remove the ammonia from 
a refrigerating system, and this can be done quite readily. Ammonia 
manufacturing companies are usually willing to furnish empty cylin¬ 
ders into which the liquid ammonia may be drawn by gravity when 
connected properly to the refrigerating system. It is also very im¬ 
portant in this operation that the weight of the cylinder be checked 
occasionally, as it is very dangerous to place more liquid ammonia in 
a cylinder than the amount for which it is rated. 

Testing Anhydrous Ammonia. A simple method of testing the 
purity of anhydrous ammonia is as follows: Obtain a 6-ounce flask or 
a glass test tube having a capacity of 100 cubic centimeters, into which 
the sample may be drawn. Then, from a low part of the refrigeration 
system, draw off a sample of the liquid ammonia into the flask. Make 
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certain that the pipe from which the ammonia is drawn off is free from 
rust, oil, or dirt and is perfectly dry on the inside as well as the out¬ 
side. It is probably advisable to flush a small amount of liquid am¬ 
monia through the pipe before actually taking the sample. 

Be very careful not to collect any of the frost that forms on the 
outside of the pipe while the sample is being drawn. Also, it is ad¬ 
visable not to draw samples on damp days when both pipe and flask 
may contain moisture. 

After being collected, the sample should be allowed to evaporate, 
a cork stopper and a small, short piece of bent glass tubing as a vent 
for the ammonia gas being used. 

The flask should be immersed about halfway in a pail of water or a 
pail of cold brine. It is very important not to set the flask on a warm 
place or in warm brine or water, as a viplent boiling takes place and 
the impurities, if there are any, may be carried off in the ammonia 
vapor. 

After all the ammonia has evaporated, the bottom of the flask 
should be examined for impurities. These may be water, which is 
readily detected by globules of moisture that will stick to the inside of 

the flask, or oil, which may be indicated by a milky, oily appearance 
inside the flask. 

It is possible to obtain special test tubes with a narrow', drawn-out 
bottom marked in graduations, which allow the residual impurities to 
be accurately measured on a quantitative basis. 


To Pump Ammonia Out of the Condenser 

1. Close all liquid lines from the condenser. 

2. Close main suction and discharge valves on the compressor. 

3. Open compressor by-pass valve after draining water from the condenser, 
to prevent freezing and bursting pipes. 

4. Start the compressor and pump the ammonia out until a partial vacuum 

is shown on the high-pressure gauge. Stop the machine and allow it to stand 

for 2 hours or so, in order to give opportunity for any liquid ammonia lying 
in the pipes to evaporate, 

5. Start the machine again and pump down to a 25-inch vacuum. 

6. Close the ammonia by-pass valve and the ammonia discharge line. The 
condenser may then be opened. 


To Pump Air Out of the Condenser 

1. Close the main suction and discharge valves. 

2. Open the cross-over valve on the discharge side, but keep the suction- 
side cross-over valve closed. 

3. Open the plug to allow air from the discharge valve of the compressor 

to go to the atmosphere. ^ 

4. Run the compressor until the air is gone from the condenser, then close 
the cross-over valve and replace the plug. 
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To Pump Ammonia from Cold-Storage Room or Expansion Coil 

1. Close the expansion valves, also the suction stop valves, except the sue- 
tion stop valve on the coil to be pumped out. 

2. Run the compressor until 10- or 15-inch vacuum is obtained, and then 

allow the machine to be stopped for about 2 hours to allow the remainine 
liquid in the coils to evaporate. 

3. Start the machine again and pump down to 25-inch vacuum. 

4. Close the suction and discharge valves on the machine; if the vacuum 
holds, the system is tight and empty, and the coil may be opened. 

To Pump Air Out of Storage Rooms or Coils 

1. Close the main discharge stop valve. 

2. Remove the plug from the discharge side of the compressor so that air 
may be discharged from the compressor directly to the atmosphere. 

3. Run the compressor until the air is exhausted from the coils. 

4. Stop the machine and replace the plug in the tee. 

To Pump Out Compressor. 

1. Close the suction stop valve. 

2. Let the compressor operate, usually for a short period, until the ammonia 
in the lubricating oil has had time to evaporate. 

3. Close the discharge valve on the compressor and any safety by-pass 
valves that might cause a leak into the compressor. 

To Start an Ammonia-Compressor Refrigeration Machine 

1. Turn on water to the condenser. 

2. Open the discharge valve on the compressor. 

3. Turn on the motor. 

4. Open the suction valve gradually until it is wide open and the machine 
is running smoothly. 

5. Set the ammonia expansion valve to give the desired suction pressure. 


To Stop the Compressor and Refrigeration Machine 

1. Close the king valve which is near the receiver. 

2. Pump the coils down slightly so that there will not be any great amount 
of ammonia left in the coils (except in case of a flooded system). 

3. If the expansion valve is closed each time the machine is stopped, it is 
necessary to readjust this valve, necessitating extra work. Furthermore, there 
is a possibility that excessive pressures will build up between the two valves 
in the liquid line and cause leaks under certain conditions, so it is usually con¬ 
sidered better practice merely to close the king valve rather than the expansion 
valve, 

4. On systems that employ automatic float-valve liquid-level control, or 
thermoexpansion valves, it is, of course, unnecessary to pump down the system 
each time the compressor is shut off. 

5. Close the suction and discharge valves and all oil cups and water valves. 


Adjustments on Automatically Controlled Machines* In connection 
with the float-valve type of flooded systems, the principal considera¬ 


tions are: 
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1. To make certain that the float is operating properly and 
holding the liquid ammonia at the proper level. Too high a level 
will cause liquid ammonia to be slugged over into the compressor 
with danger to the machine. However, a sticking float may restrict 
the flow of liquid ammonia into the system and prevent proper 
flooding of the coils. Screens in the liquid lines leading to the float 
need periodic attention, as their filling up will cause lack of proper 
refrigeration. The use of an oil in the compressor and refrigeration 
system having too high a pour point may also cause difficulty with 
the flooded system, because of interference with the float operation. 

2. Another important factor in the operation of this type of 
system is to make certain that the float needle valve is holding 
properly. Usually these float valves do not last very long and need 
periodic renewal of the seat and the needle valve. A condition that 
allows a shortage of liquid ammonia in the receiver of the refrigera¬ 
tion system, thereby causing gas to pass through the float needle 
valve, will cause this valve to cut rapidly. 


The float-valve flooded system usually contains an automatic 

pressure-regulating valve, by means of which the actual temperature 

of the coil is maintained and regulated. This valve is an important 

pait of the system and must also be kept in good working condition. 

An electrically operated liquid stop valve is usually installed ahead of 
the float valve. 


Utilization of Refrigeration. The utilization of refrigeration calls 
for cold surfaces being brought close to the material to be cooled. 
This may be accomplished by either the direct expansion system or 
the brine system. In the former, the ammonia coils are placed in 
actual contact with the product to be cooled; in the latter, the am¬ 
monia cools a brine solution which is then pumped around the object 
to be cooled. 


The Direct Expansion System. The direct expansion system is 
very widely used today because it is simple, less expensive* and 
quicker acting than the brine system. It is usually more efficient. 
The direct expansion system does require, however, that the com¬ 
pressor be large enough to handle the maximum load at any one time. 

There are two types of direct expansion coolers, the flooded and 
the expanding system. See Figs. 46 and 47. The flooded system 
maintains a fully flooded set of evaporating coils at all times by 
means of a float valve with an accumulator to prevent liquid from 
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Fia. 72. (a). Hook-up for a Thermostatic Fig. 72. (b). Detail View of a 
Expansion Valve to an Expansion Coil. Thermostatic Expansion Valve. 



Courtesy of the Alco Valve Co, 


Fig. 72(c). Detail of a Magnetic Stop Valve, often Used with an Auto¬ 
matic System to Shut off the Flow of Liquid Refrigerant When the Com¬ 
pressor Stops. 

A Thermo valve regulates the flow of the refrigerant into an evaporator according 
to changes in the superheat of the refrigerant suction gas leaving that evaporator. 

Consider a refrigeration evaporator in a surrounding atmosphere of 70° operating 
on Freon at 37 pounds suction pressure. The Freon temperature at saturation at 37 
pounds pressure is 40°. As long as any liquid exists at this suction pressure, the refrig¬ 
erant temperature will remain at 40°. t 

As the refrigerant moves along the coil, the liquid boils off into a vapor and tne 

amount of liquid decreases until, at point B in the above illustration, all the liquid has 
evaporated owing to the absorption of latent heat from the surrounding air. The suc¬ 
tion gas continues along the coil and remains at the same pressure (37 pounds), but, 
owing to the absorption of sensible heat from the outside and the heat of friction, Its 
temperature increases. By the time the suction gas reaches the end of the evaporator 
(<7) its temperature is'50°. This suction gas is now superheated and the amount oi 
superheat is 50°—40° or 10°. The superheat in the suction gas depends upon tn 
amount of refrigerant being fed to the coil and the rate of evaporation, or the load. 
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being drawn back to the compressor. This system is most efficient 
and gives exceptionally high rates of heat transfer in brine tanks, 
coolers, ice-cream freezers, and the like. It is also easily regulated. 

One of the principal considerations in a system of this kind is to 
have all headers and pipes large enough to carry the gas and liquid 
so that coils will be fully flooded. The coils will become gas bound 
if the passages leading to and from the accumulator are not large 
enough. It is often found that the system will be improved by setting 
the accumulator at least 3-4 feet above the highest part of the coil. 
However, in a system having very large passages, the elevation of 
the accumulator is not necessary to provide proper escape of the gas, 
on account of the large diameter of the accumulator and gas passages 
therein. 


Superheat provides the main operating force in the Thermo valve. The valve is 
operated by two variable functions, the suction pressure in the coil and the superheat 
of the suction gas leaving the coil. The valve proper is installed in the high-pressure 
liquid line feeding the evaporator, and the remote bulb is located either externally or 
internally at the suction outlet of the coil. The remote bulb assumes the temperature 
of the suction gas at the point of application. Any change in the suction gas super¬ 
heat at the point of bulb application tends to operate the valve in a compensating di¬ 
rection to restore the superheat to a predetermined valve setting. If too much liquid is 
fed into the coil, all of it does not boil off and some liquid approaches the remote bulb, 
lowering its temperature. This operates the valve in its closing direction. Conversely] 
if not enough liquid is fed into the coil, the increase in superheat in the suction gas 
raises the temperature of the remote bulb, causing the valve to operate in its opening 
direction. 


In the accompanying illustration the three valve operating forces are illustrated 

diagrammatically. The first of these forces is the power assembly pressure (Pi) which 

is, of course, a definite function of the temperature of the suction gas leaving the 

evaporator at the point of remote bulb application. Since the power assembly is 

charged with Freon and its temperature is 50° (the suction gas temperature at point 

C) the pressure on top of the diaphragm tending to open the valve will be 46.7 pounds 

Opposed to this force and on the opposite side of the diaphragm is the second 

operating force (P 2 ) which is a pressure approximating the suction pressure at the coil 

inlet. In this case this pressure is 37 pounds. The third force ( P s ) is a pressure 

exerted by an adjustable spring. In Alco Thermo valves this spring pulls the valve 

needle into the seat rather than pushing it. This method of spring application has 

been proved to provide more sensitive action and assists in properly aligning the work 

ing parts. The force of this spring, as well as the suction pressure <P 9 ) tends tn 
move the valve in the direction of closing. pressure tends to 

Now if the Thermo vfllve illustrated is to maintain a siiDprhenf nf in Q in 
tlon gas at the remote bulb the valve spring must exert a foree ?^ equivalent to" « 
pressure of 9 7 pounds. The valve then would be In equilibrium at 10» sunerh^t Tf 

Ih! h ?w ! SUCt i° n gas should increase (as in the event of an increasl in loadf 
the bulb temperature and, therefore, pressure would also increase causing the ° ^ 

open enough to restore the superheat to 10°. Converselv, if the superheat should s... t0 
(as In the event of a reduction in the load) the bulb tenant,,™ ® hould decrease 

1 ° We Thi nd 'rh 6 ValVC , would close off cnou S h to restore the superheat to io^ SUre WOuld 
This Thermo valve will control at a minimum superheat without Ann /ir k 

■"* ,h * n *• ,s <• »• “V. s sr, e 

by providing maximum coil capacity at all times helns^an Pvn!f' f CCU F ate control, 
nearly Its rated capacity. This means the usTof refHgeration snrf^ more 

pays for and is not forced to buy extra coil surface to be sure of .n f . getS what he 
required. As the operating superheat Increases the o„nr>o . maximum capacity 

more of the evaporator surfaee is requS^ decreases since 

the valve. It is obvious that close eont ol of s erhelt wm hH t nC f SSary to derate 
efficiency. 01 s,| P erl >eat will bring about greatest coil 
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Fig. 73. The Automatic Pressure-Type Expansion Valve. 

In operation, liquid ammonia under high pressure enters the valve body, passes 
through the strainer and into passage (1), pressing against the piston and valve (3), 
forcing the valve off its seat. It then flows through the valve opening and enters 
the low-pressure side. It immediately tends to build up a pressure in the control 

chamber (5), where it forces the diaphragm upward. The rocker arm (4) carries 

the force of the diaphragm movement to the valve (3), tending to close it. By ad¬ 
justment of the spring tension, the action of the diaphragm can be balanced at any 

given pressure, so that it will automatically throttle the valve (3) and maintain the 

desired pressure in the expansion coil. 






PRINCIPLES OF REFRIGERATION 


179 


The plain expanding system with hand-regulated expansion valve 
is oftentimes used where a simple system is required and where hand 
regulation is sufficiently accurate. It is very common for cold-storage 
rooms and brine tanks. The heat transfer through a pipe system of 
this kind is about 2.5 B.t.u. per square foot of surface per hour per 
degree temperature difference when exposed to air, and 10 B.t.u. when 
submerged in brine. One of the problems of this system is to keep it 
properly regulated. 

Thermostatic Expansion Valve. The thermostatic expansion valve 
is often used to give a high degree of automatic operation of a system 
of this kind. With this device, the opening of the valve, and conse¬ 
quently the amount of liquid allowed to enter, is controlled by a 
sensitive bulb placed on the coil outlet. In Fig. 72, which illustrates 

one of these valves, it will be observed that, if too much refrigerant 
is allowed to enter, the discharge end of the coil will become frosted 
over; as a consequence, the sensitive bulb of the valve is cooled and, 
through a hollow tube system, lowers the pressure on the diaphragm 
in the expansion valve, thus causing the valve to close partially. 
On the other hand, if the pipe is too warm, the bulb warms, the 
pressure increases on the diaphragm, and the valve opens wider, 
allowing more refrigerant to pass through. If the valve is properly 

installed, a very efficient automatic control is obtained. If it is used 
with an automatic compressor control system, it is customary to 
install an electrically operated stop valve, Fig. 72c, which shuts off 

the flow of ammonia liquid whenever the compressor stops. This 
prevents flooding of the evaporator. 

Adjustment of the Thermoexpansion Valve System. In systems 

employing the thermostatic expansion valve, it is important that the 

bulb of the thermostatic valve be properly located on the coil. If it is 

set too far back in the coil, the refrigeration will not be good because 

of lack of proper wetting of the coil. If it is set too near the end 

of the coil, difficulty may be experienced due to slugging over of 
ammonia. 


Pressure-Type Expansion Valve. The pressure-type automatic 
expansion valve, Fig. 73, is also widely used. It operates somewhat 
similarly to the thermostatic type valve, except that it has no sensi¬ 
tive bulb and is controlled by the pressure on the evaporator side of 
the valve. The normal valve of this type can be adjusted to maintain 
practically constant pressure on the evaporating coils of a refrigera- 
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Courtesy of the A. W. Cash Co. 

Fig* 74. The Automatic Back-Pressure Regulating Valve. 

of a flooded type refrigerating system. It does this by a throttling 
action on the suction from the compressor. It can be set at any 
predetermined pressure within its range, and, by the action of the 
pressure of the evaporator on a diaphragm, it opens and closes the 
valve the necessary amount to just maintain the desired pressure on 
the evaporator. If the evaporator pressure is too low, the reduced 
pressure on the diaphragm closes the valve the necessary amount to 
give the desired higher pressure on the evaporator, and if the pres¬ 
sure in the evaporator is too high, it automatically opens the valve 
somewhat, allowing the compressor to draw the pressure down to the 

predetermined point. 

Brine System. With the brine system, Fig. 75, the direct ex- 
nansion coil is used to cool brine, which is then circulated by means 
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of a pump around the product to be cooled, as in the coils of a cold- 
storage room or a milk cooler. 

This system has the advantages of being safe from contaminating 
the product with ammonia and of causing less damage in case of a 
leak; also, for some uses, the temperature is more easily controlled. 
It also allows the storing-up of refrigeration in the cold brine and, 
therefore, allows heavy refrigerating loads of short duration to be 


To Compressor 



Fio. 75. The Coil Arrangement of a Brine-Type Refrigeration System 


carried with a system having a much smaller compressor than if 
direct expansion were used. 

The overall thermal efficiency of a brine system is usually less 
than the direct expansion system on account of the one extra heat 
transfer necessary, and the added radiation losses. 

Brine. Brine is usually considered to be a solution of a salt, 
such as ordinary salt or calcium chloride, in water. However, mod¬ 
ern refrigeration practice makes use of sugar solutions, alcohol solu¬ 
tions, and anti-freeze solutions such as propylene glycol, in much the 
same manner, and in the same type of systems, as the true brines. 
The heat-absorbing properties and freezing points of the various salts 
depend largely upon the concentration or strength of solution. The 
properties of the two most common brines are compared in-Tables 


XXXIV and XXXV. 

Desirable Properties of Brines. A good brine for general-purpose 
use should be non-corrosive, have a low freezing point, be inexpensive, 
have high specific heat, and be readily available. No one brine is 
perfect in all the above respects; however, sodium chloride (NaCl) 
(ordinary salt) or calcium chloride is very satisfactory for general use. 

Properties of Sodium Chloride. Sodium chloride is widely used 
for brine where the temperature need not be carried below 4° or 5° F 
It is relatively inexpensive and not unduly corrosive if the solution 
is kept free from excessive air and if the strength is kept up A 20 
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per cent solution by weight has a specific gravity of 1.155, has 1.928 
pounds of salt per gallon of brine, a specific heat of 0.829, and a 
freezing point of 6.1° F. Table XXXIV gives all the pertinent proper¬ 
ties of sodium chloride brine. 


TABLE XXXIV 

Brine Table—Sodium Chloride Brine 


Specific 
Gravity . 
at 39° F, 

Degrees 
Baum6 
at 60° F. 

Degrees 
Salometer 
at 60° F. 


1 

4 


2 

8 

mm 

3 

12 

warn 

4 

16 

1.037 

5 

20 

1.045 

6 

24 

1.053 

7 

28 

1.061 

8 

32 

1.068 

9 

36 

1.076 

10 

40 

1.091 

12 

48 

1.115 

15 

60 

1.155 

20 

80 

1.187 

24 

96 


25 

100 

1.204 

26 

104 


Pounds of 
Salt per 
Gallon of 
Solution 

Pounds 
of Salt 
per 

Cu. Ft, 

Percent¬ 
age of 
Salt by 
Weight 

0.084 j 

0.628 

1 

0.169 

1.264 

2 

0,256 

1,914 

3 

0.344 

2.573 

4 

0.433 

3.238 

5 

0,523 

3.912 

6 

0.617 

4.615 

7 

0.708 

5.295 

8 

0.802 ! 

5.998 

9 

0.897 

6.709 

10 

1.092 

8.168 

12 

1.389 j 

10.389 

15 

1.928 j 

14,421 

20 

2.376 

17,772 

24 

2.488 

18.610 

25 

2.610 

19,522 

26 


Freezing- 

Point, 

° F. 

Specific 

Heat 

Weight 

per 

Gallon 
at 39° F. 

31.8 

0.992 

8.40 

29.3 

0.984 

8.46 

27.8 

0.976 

' 8.53 

26.6 

0.968 

1 8.59 

25.2 

0.960 

8.65 

23.9 

0.946 

8.72 

22,5 

0.932 

8.78 

21.2 

0.919 

8.85 

19.9 

0.905 

8.91 

18.7 

0.892 

8.97 

16.0 

0.874 

9.10 

12.2 

0.855 

9.26 

6.1 

0.829 ; 

9.64 

1.2 

0.795 

9.90 

0.5 

0.783 

9.97 

1.1 

; 

0.771 

10.04 


Properties of Calcium Chloride. Calcium chloride is used for 
brines of moderately low temperature and is necessary for extremely 
cold temperatures. A calcium chloride brine can be made which will 
not freeze at 50° F. below zero. 


Commercial calcium chloride (CAC1 2 ) contains actually only 73 
to 75 per cent CaCl 2 , the remainder being moisture, a fact which 
must always be taken into consideration in making up solutions. 
It is a very hygroscopic product. In fact, this property is utilized 
by using CaCl 2 for drying out air in rooms which are too high in 
humidity. CaCl 2 , when exposed to air containing moisture, will ab¬ 
sorb the moisture and become very wet, finally forming a solution. 

Calcium chloride has a rather sharp, salty, puckery, bitter taste; 
it comes in sealed drums in either flake or rock form. It is moderately 
corrosive if it has an acid reaction, but it can be rendered practically 
non-corrosive if kept free from air and neutralized properly. The 
addition of sodium chromate also prevents corrosion from calcium 
brines. Ammonia leaks in a pure calcium brine cause no precipitation, 
although, if impurities are present, precipitation may occur. 
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Degrees 

Baum6 

60° F. 

Specific 
Gravity 
60°-60° F. 

Degrees 
Salometer 
60° F. 

Percentage 
CaCl 2 by 
Weight 

Pounds CaCl 2 
per Gallon 
of Solution 
(Approx.) 

Freezing 

Point, 

0 F. 

Specific 

Heat 

0 

1.000 

0 

0 

0 

+32 

1.00 

1 

1.007 

4 

1 

t * » « 

31.1 

0.99 

2.1 

1.015 

8 

2 

t « • i 

30.4 

0.97 

3.4 

1.024 

12 

3 


29.5 

0.96 

4.5 

1.032 

16 

4 

• * * * 

28.6 

0.94 

5.7 

1.041 

22 

5 

* * * * 

27.7 

0.93 

6.8 

1.049 

26 

6 

1 

26.6 

0.91 

8 

1.058 

32 

7 

* * • * 

25.5 

0.90 

91 

1.067 | 

36 

8 

• • • • 

24.3 

0.88 

10.2 j 

1.076 

40 

9 

1 Yl 

22.8 

0.87 

11.4 

1.085 i 

44 

10 

1 » « i 

21.3 

0.86 

12.5 

1.094 

48 

ii 

• 441 

19.7 

0.84 

13.5 

1.103 

52 

12 

2 

18.1 

0.83 

14.6 

1.112 

58 

13 

I 4 • • 

16.3 

0.82 

15.6 

1.121 

62 

14 

* * * * 

14.3 

0.815 

16.8 

1.131 

68 

15 

2^ 

12.2 

0.795 

17.8 

1.140 

72 

16 

• • • * 

10 

0.78 

19 

1.151 

76 

17 

• * * • 

7.5 

0.77 

20 

1.160 

80 

18 

3 

4.6 

0.755 

21 

1.160 

84 

19 

* * * * 

+ 1.7 

0.74 

22 

1.179 

88 

20 

# * • t 

- 1.4 

0.73 

23 

1.188 

92 

21 

3 H 

4.9 

0.72 

24 

1.198 

96 

22 

» * 1 i 

8.6 

0.71 

25 

1.208 

100 

23 

# * * # 

11.6 | 

0.70 

26 

1.218 

104 

24 

4 

17.1 

0.69 

27 

1.229 

108 

25 

l * t i 

21.8 

0.685 

28 

1.239 

112 

26 

t t • i 

27 

0.68 

29 

1.250 

116 l 

27 

4 y 2 

32.6 

0.67 

30 

1.261 

120 1 

28 

• • * • 

39.2 

0.665 

31 

1.272 

124 

29 

• 444 

46.2 

0.66 

32 

1.283 

128 

30 

5 

-54.4 

0.65 


A 20 per cent by weight solution of calcium chloride brine requires 

approximately 3.4 pounds of salt per gallon of solution, has a specific 

gravity of 1.179, a specific heat of 0.73, and a freezing point of 

—1.4° F. Tables XXXIV and XXXV give complete data for various 
strengths of brine. 

General Care of Brines. Care of brine systems consists, first, in 
keeping them at the proper strength so that they will not freeze. ’ It 
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is especially important to watch this in plants where there is danger 
that the brine may become diluted with water, as sometimes happens 
when brine and water are used alternately in the same cooling appa¬ 
ratus, such as a coil vat, for instance. 

Brine Corrosion. Brine must be kept non-corrosive. Corrosion in 
brine systems is usually caused by acidity, which in turn is caused 
by air absorption in the brine. This air may enter through a leaky 
stuffing box in the brine pump, or it may enter readily if the brine is 
allowed to splash in the air as when a brine return pipe does not 
lead below the level of the brine in the tank. Spray-type cooling 
equipment also causes this condition, though it is efficient from the 
standpoint of heat transfer. Acid brines should be neutralized by 
adding limewater or caustic soda solution until the proper pH is 
obtained—usually between pH 7 and 8. 

The generally accepted broad limits of the pH range have been 
considered to be between 7 and 9, which, however, are modified or 
altered slightly by local conditions. Systems consisting of iron only 
may operate with the pH as high as 10 or 11 without harm; but 

those containing both iron and zinc (galvanized ice cans in an iron 
tank) should be held at a pH not higher than 8. A suitable operating 
range is between pH 7 and 8, although some of the larger plants suc¬ 
cessfully operate between 6.8 and 7.3, averaging pH 7. The pH to 
be maintained for a minimum corrosion of iron and zinc depends 
upon local conditions and the quantity of chromate in the brine, and 
requires facilities for frequently determining and adjusting the pH. 

The precise measurement of the pH of a brine requires equipment 
for electrometric measurements. Such instruments of the glass elec¬ 
trode type, covering all pH ranges without being affected by the 
chromate in the brine, have recently been greatly simplified by the 
development of direct-reading, indicating electrometers having 
vacuum-tube amplifiers, as, for example, the Coleman pH electrometer, 
the Beckman pH meter, and the Hellige pH meter. 

For plant control tests, where extreme accuracy may be unneces¬ 
sary, certain organic color indicators are serviceable. Such colori¬ 
metric “indicated” or “apparent” pH values tend to be slightly higher 
than electrometric readings on account of a salt-concentration effect, 
necessitating subtracting an experimentally determined correction of 
approximately 0.6 pH to obtain the true pH value. 

For the range of pH between 6.5 and 7.5, in the presence of 
chromate, phenol red has been found suitable. Simple equipment for 
making such colorimetric tests may be obtained from several firms 
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which have developed slightly differing forms of what is known as a 
block comparator; these are compact, easily manipulated, and in¬ 
expensive instruments with which the test may be made as follows: 

A sample of the brine to be tested is placed in each of two test 
tubes and a few drops of phenolphthalein indicator added to one. 
If this tube, on being compared with the other, shows a pink color¬ 
ation, the true pH of the brine is higher than 8.0. If no coloration 
occurs a sample of the brine is placed in each of three tubes sup¬ 
plied with the block comparator. A specified amount of phenol red 
indicator is added to one of these tubes. The three samples are then 
placed in the block comparator, the one with the indicator in the 
middle. Comparison is then made with the color standards, and, if 
the brine is within the range of 6.4 to 7.6 pH, an approximate match 
will be found with one of the standards. Subtract 0.6 pH from the 
indicated pH value as given on the standard tube, and the result is 
the true pH of the brine. If the pH is lower than 6.4 or higher than 
7.6, it will be impossible to obtain a match with any tube in the 
standard series. 


The exact adjustment of brine to any desired pH level requires 
care and precision on account of the volume involved and the small 
amount of chemicals required. 

To increase the pH value of a brine a small quantity of caustic 
soda (previously dissolved in water) may be added in very small 
amounts, the brine being allowed to circulate for some time to insure 
thorough mixing before testing. 


During usage the alkalinity of a brine usually decreases gradually 
owing to absorption of carbon dioxide from the atmosphere. How¬ 
ever, if it is desired to reduce the pH immediately, as after the prepa¬ 
ration of an initial charge of fresh brine, some mild acid will have 


to be added. For this purpose carbonic acid gas, conveniently ob¬ 
tained from a cylinder of carbon dioxide, is often proposed. It is 
effective but slow, as the gas must be dissolved in the brine. Another 
method makes use of the acidic property of sodium bichromate, the 
introduction of which is beneficial also as a corrosion retarder. The 
bichromate may be dissolved in water in the proportion of 5 pounds 

to 1 gallon water, and this solution added to the brine as required, 
subject to pH measurement. ’ 


Corrosion Retarders—Sodium Chromate. The addition of certain 
materials to refrigerating brines has been found to help materially in 
preventing or minimizing corrosion. In the past various claims have 
been made with regard to the efficiency of certain retarders, but in 
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general specific data to support these claims have been lacking. 

It has long been known that chromates inhibit corrosion by brines; 
the fact has been confirmed by investigations conducted at the Massa¬ 
chusetts Institute of Technology for the Corrosion Committee of the 

American Society of Refrigerating Engineers and by more recent 
practical observations. 

Sodium chromate is the best of the known corrosion retarders for 
calcium chloride brines. Sodium bichromate also has a retarding 
effect but less than that of the normal chromate. However, the 
bichromate usually is more conveniently obtainable, and it is readily 
converted to the chromate by simply dissolving it in water together 
with a suitable quantity of caustic soda. 

By following this plan and using from 70 to 125 pounds of com¬ 
mercial sodium bichromate (Na 2 Cr 2 0 7 *2H 2 0) per 1,000 cubic feet of 
brine, it has been found in both laboratory and plant that more than 
90 per cent of the normal corrosion was prevented. 

The recommended practice is to dissolve 100 pounds of commercial 
sodium bichromate in about 20 gallons of water and add to it about 27 
to 30 pounds of caustic soda, stirring until dissolved. This solution is 

sufficient to treat 1,000 cubic feet (7,500 gallons) of brine and should 
be added to the brine gradually at a point of fairly rapid circulation. 
During such addition pH measurements should be made for close 
control of alkalinity. In order to keep sufficient chromate in the 
system, about one-half of the original charge should be added about 
once a year. The treatment is effective in connection with both iron 
and zinc (galvanizing) as well as aluminum. Aluminum is particu¬ 
larly subject to corrosive attack by almost any alkaline medium such 
as calcium chloride solution, but the presence of chromate in suitable 
quantity has been found to afford adequate protection. 

The above recommendation applies to old brines which have been 
reduced in alkalinity by long contact with the atmosphere. Brines 
freshly prepared from calcium chloride may occasionally be treated 
directly with sodium bichromate without the addition of caustic, there 
being sufficient natural alkalinity in the calcium chloride to convert 
the bichromate to normal chromate. The same applies to brines 
substantially alkaline by reason of ammonia leakage or recent addi¬ 
tion of caustic soda or lime. 

If there is doubt whether sufficient alkalinity is present, sodium 
bichromate without caustic can be added directly to the brine, and 
after allowing plenty of time for thorough mixing, the brine can be 
tested for pH and then adjusted if necessary with caustic soda. 
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Caution should be observed in handling of brines treated with 
chromate, since repeated contact with the skin may possibly produce 
an irritation known as “chrome itch.” With concentrations recom¬ 
mended, this is a rather remote possibility, but it is well to be on 
the safe side by providing workmen with rubber or oil-saturated 
gloves for such operations as handling brine-covered ice cans. 

Electrolytic Action. Structural details of plant are often respon¬ 
sible for corrosion of an electrolytic nature. With a view to minimiz¬ 
ing this type of deterioration the following suggestions are offered: 

1. Combinations of unlike metals should be avoided. Dissimilar 
metals, for example, copper and iron, when in contact with any brine 
will set up a small electric current, and as the result one of the metals 
will corrode with comparative rapidity. 

2. Avoid using like metals having different degrees of purity. 
They will cause the same electrolytic action. 

3. Avoid using poor-quality metal in the brine-carrying parts of 
the system. 

4. Take the precaution to prevent a state of strain in metals, 
especially torsional stress. 

5. Corrosion may be caused by leakage of electric currents from 

a system not properly insulated or grounded. Testing out around 

the corroded parts with voltmeter and ammeter will detect this 
trouble. 

Foaming of Brine. The presence of a slight layer of foam at the 
surface of a refrigerating brine is not uncommon. Sometimes the 
layer increases to such proportions that it causes inconvenience in 
operation, as, for example, by slopping over into ice cans. 

In the great majority of cases this foaming takes place in a freshly 
made brine or after the strengthening of an old brine, and is due to 
the fact that air is less soluble in strong brine than in water or in 
a weaker brine. Both brine and water invariably contain air, and 
when calcium chloride is dissolved in either, some of the air is released 
in the form of bubbles which rise to the surface, carrying with them 
any insoluble particles which may be present. The particles (partic¬ 
ularly iron rust) have a tendency to stabilize the foam and hold it 
at the surface for a time. This type of foam generally disappears 
after a short period and gives no further trouble. 

The appearance of foam on an old brine to which no calcium 

c loride has recently been added indicates an excessive introduction 

o air into the brine system. The air generally enters at some pit 

ol rapid agitation or movement or through an air leak in a pump 
suction. K 
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In considering the elimination of foam the essential points to 
remember are: 

!• That a foam must be built up by the action of air or other 
gas bubbles rising from beneath the surface of the brine. 

2. That iron rust and other insoluble particles aggravate foaming 

but cannot produce it in the absence of air or other gas within the 
brine itself. 

3. That long-continued foaming can best be prevented by finding 
and correcting points in the circulation system where air may be 
introduced within the body of the brine. 

As a temporary expedient to relieve a foaming condition it has 
sometimes been found that addition to the brine of a small quantity 
of denatured alcohol is effective. 

Sediment in Brine Tank. Refrigerating brines occasionally are 
contaminated with insoluble particles, either suspended in the brine 
or settled at the bottom. Most of this sediment, particularly in old 
brines, is composed of products of corrosion such as iron rust and 
zinc salts. A smaller portion may have its origin in the use of 
mineralized water for making up the brine and in the small quantity 

of insoluble matter originally present in the brine medium. If a 

mixed chloride” containing magnesium has been used, and ammonia 

leaks into the brine, the magnesium is precipitated, forming a large 
volume of sediment. 

Various products have been recommended and are employed as 
clarifying agents; but the clarification of brine is a questionable ad¬ 
vantage. Insoluble matter does no harm so long as it stays sus¬ 
pended and circulates with the brine. Clarification consists generally 
in adding some compound which precipitates in the brine, settles 
readily, and carries the original suspended particles down with it. 
The net result is more insoluble matter than was originally present. 
If this settled sediment is present in sufficient quantity to build up 
around the base of the cans it interferes with heat transfer and ice 
is slow to form near the bottom. It is better to keep the insoluble 
matter in circulation. 

Once such a layer of sediment has formed, the method of removing 
it depends on the type of plant. In removable-can systems access is 
fairly easy by withdrawing the brine and taking out the cans. If cans 
are stationary it is generally necessary to draw out the brine, remove 
one or two cans, and flush out the tank with a stream of water from 
a hose. 

It is usually within the first year or two after a new plant is 
started in operation that sediment builds up to troublesome propor- 
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tions. After this initial deposit of sludge is washed out there is no 
further appreciable accumulation. The sediment resulting from am¬ 
monia leakage into magnesium brine is an exception to the above 
rule; it will form at any time when ammonia leaks into such a brine. 

Ammonia Leakage. When ammonia leaks into a straight calcium 

chloride brine no precipitation takes place. 

For this reason it is not generally considered necessary to remove 
ammonia from calcium chloride brine; however, in exceptional cases 
its elimination may be deemed desirable. The only practical method 
involves heating of the brine to fairly high temperatures, which drives 
off “free” ammonia. It may be advisable to add a little caustic soda 
to decompose any ammonia which has become “fixed” owing to 
absorption of carbon dioxide gas from the atmosphere. To determine 
the quantity of caustic required it is necessary to have a chemist 
determine the quantity of “fixed” ammonia present, from which the 
caustic requirement can be calculated. 

For heating the brine, any tank equipped with a steam coil can 
be utilized. If no other heating tank is available, a shallow pan can 
be made of sheet metal, arranged to receive brine at one end, let it 

pass slowly through, and discharge it at the other end. The rate of 
flow should be such that the brine is heated nearly to boiling during 
its passage through the pan. 

It will generally be more convenient and ecnomical to replace a 
heavily contaminated brine with a new charge. 

Types of Brine Systems. A brine system may be of the brine- 
circulating type, the brine-storage type, or the congealing tank type. 
The particular conditions of plant operation will determine which one 
is most suitable. 

Brine-Circulating System. With this system, brine in a tank or 
cooler is reduced to the proper temperature by contact with direct 
expansion coils, is then circulated by a pump, through coils in a cold- 
storage room, a freezer, milk cooler, or other apparatus, where it 
picks up heat, and returns through the continuous circuit back to the 
tank, which is cooled by direct expansion and the heat extracted. The 
cycle is repeated as long as the system is in operation. 

In addition to the equipment required with a direct expansion 
system, the brine-circulating outfit requires a brine tank, a brine 
pump, and a brine coil or other final heat exchanger. There is, 
therefore, an extra transfer of heat involved in the brine system, 
see Fig. 75, resulting in the necessity for the ammonia compressor to 

operate at a lower back pressure than in the case of direct expansion. 
The heat equivalent of the energy used in circulating the brine must 
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also be subtracted from the useful refrigeration, and this also makes 
the brine system less efficient. 

The brine-circulating system is more expensive to install and is 
less efficient than the direct expansion system; however, it has the 
advantages that, for some purposes, it is more accurately controlled, 
it requires less of the expensive refrigerant to charge the plant, if 
same be widely scattered, and it is less hazardous because there is no 
danger of leakage of volatile poisonous gases in cold rooms or products 
where a small amount of ammonia leakage might cause spoilage. 

This system stores no excess brine, and when the circulating pump 
stops, the cooling will cease except for that small amount stored in 
the pipe coils, etc. The temperature of brine usually rises 5° to 8° 
in passing through a cold room, and the final or leaving temperature 
is about 10° F. colder than that of the room. 

The quantity of brine needed per hour to do a certain amount of 
cooling can be calculated as follows: 



Q 

c(T\ - T 2 ) 


where Wb = weight of brine circulated per hour in pounds. 

Q = B.t.u. heat removed per hour, 
c = specific heat of brine. 

T\ = temperature of brine at outlet, 
la = temperature of brine at inlet. 

Problem. Find the quantity of brine circulated per hour in removing 
40,000 B.t.u. per hour from a freezer, under the following conditions: Specific 
heat of brine = 0.70; brine in at +5° F.; brine out at 10° F. 



40,000 

0.70 (10 - 5) 


40,000 = 40,000 
0.70 (5) _ 3.5 


11,430 pounds 


Brine-Storage System. The brine-storage system is used where 
it is desirable to store up refrigeration for meeting large demands of 
short duration. It enables a plant to take care of a large refrigerating 
load for a short time with only a small compressor; for example, in 
a milk plant, the cooling of the milk must be done quickly and 
usually involves a heavy refrigeration load for an hour or so. To 
carry this with either a direct expansion system or a brine-circulating 
system would require a compressor much larger than necessary during 
the remainder of the day. With the brine-storage system only a 
moderate-sized refrigerating machine is required, for the cold brine 
acts as a storage battery for refrigeration. The small machine must, 
of course, operate for a much longer time than the direct expansion 
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type, but even though there is a considerable loss in storing the 
refrigeration in the brine tank, there are many plants in which the 
saving in first cost will more than balance the added efficiency of 
the circulating system or the direct expansion type. 

The cold brine acts as a stored source of refrigeration, and the 
quantity of refrigeration stored depends upon the weight of brine, the 
specific heat of the brine, and the temperature drop allowable. 
Calculation of Refrigeration Stored in Brine. The formula is 

Q = W X S. H. X Ti - T 2 

where Q — B.t.u. available. 

W = weight of brine in tank. 

S. H. = specific heat of the brine. 

T\ = final temperature of the brine. 

T 2 = temperature of brine at start. 

Assuming that a brine tank holding 4,000 pounds of brine of specific 
heat 0.71 is at a starting temperature of 10° F. and is effective until 
it warms up to 25° F., the amount of stored refrigeration in B.t.u. = 

Q = 4,000 X 0.71 X (25 - 10) = 4,000 X 0.71 X 15 = 42,600 B.t.u. 


Problem. Let it be assumed that 2,000 lb. of milk (specific heat 0.93) 
is to be cooled from 65 to 35° F.j find the quantity of brine necessary to 
cool this milk if the brine has a specific heat of 0.71, a starting temperature 
of 10° F., and a final temperature of 25° F. Neglect radiation losses. 

Solution: 

Qm = Qb 

Qm = heat to be extracted from milk. 

Qm = 2,000 X 0.93 X (65 - 35) = 55,800 B.t.u. 

Since Q b = Q Ul Q B = 55,800 B.t.u., then 


55,800 = (X) X 0.71 X (25 - 10) 



55,800 

0.71 X (25 - 10) 


55,800 

10.65 


Therefore 5,390 lb. of brine will be required, or 


5,390 


X --5_ 

S. H. X (7 1 ! - T 2 ) 

where Q = quantity of refrigeration storage required in B.t.u. 
X = weight of brine required in pounds. 

S. H. = specific heat of brine. 

Ti = final brine temperature 
7^2 = beginning brine temperature. 
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Brine-storage tanks are used for maintaining temperatures in cold- 
storage rooms, and the brine may be circulated through coils in the 
room by means of a pump, or the tank may be located inside the 
room, the walls of the tank acting as the refrigerating surface. 

One square foot of tank surface will ordinarily absorb 1.5 B.t.u. 
per hour per degree temperature difference between the brine and the 
room. Thus if a brine tank having 6,000 square feet area and a tem¬ 
perature of -j-10° F. is placed in a room of +20° F. the heat transfer 
per hour will be 

H = A X 1.5 X (T 7 ! - T 2 ) 

H = B.t.u. transferred per hour. 

A = area of brine tank surface in square feet. 

Ti = room temperature, °F. 

T 2 = brine tank temperature, °F. 

H = 6,000 X 1.5 X (20 - 10) 

= 6,000 X 1.5 X 10 = 90,000 B.t.u. 

In some small plants the same brine tank is used for cooling the 
room and cooling the milk over a circulating cooler. This is readily 
accomplished although the room temperature may not be uniform on 

account of the brine’s being warmed excessively during the period of 
cooling the milk. 

Congealing Tank System of Refrigeration. This system is simi¬ 
lar to the brine-storage system except that it uses a weaker brine 
which is allowed partially to freeze onto the coils. This permits a 
smaller tank than with the regular storage system because of the 
storage of a great amount of refrigeration due to liberation of the 
heat of fusion in the freezing of a part of the brine. 

This system is not so widely used as the brine-storage type as it 

needs more critical adjustment and care. 

The latent heat of brine ice is approximately 128 B.t.u. per pound. 
The freezing point of a 14 per cent solution by weight of. calcium 
chloride brine is 14° F. Reference to the brine tables will give freez¬ 
ing points for other strength brines. 

Sweet-Water Cooling System.* It is found that where the tem¬ 
perature of the product need not be brought below 34° to 36 F., very 
satisfactory cooling can be done by means of water instead of brine, 
as described above. This is an effective means of preventing milk from 
freezing onto a cooler, since the cooling water will never be below the 
freezing point of the milk. Figure 76 shows a popular type of sweet 

* “Sweet water” is a term used by the industry to designate refrigerated water 
having no salt content. 
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water cooler, such as is used for cooling water, to be circulated through 
milk coolers of the plate, surface, or double-tube types, for example. 
This same type of cooler can be used for cooling brine, Prestone, or 
other fluids for lower-temperature cooling. 

Figure 77 shows one form of the ice-builder system used for fur¬ 
nishing sweet water refrigeration, whereby ice is allowed to build up 
on the coils of a water cooling device and thereby store refrigeration 
for use at a later time. This unit is designed principally to furnish 
so-called sweet water at a temperature of about 33° F. for general 


Constant Press. Valve 



Fig. 76. Typical Hook-up for Flash-Type Sweet-Water Cooler. 

The water cooler consists of a tank having a direct-expansion cooling coil of large 
surface area, and fitted with a float valve and pressure control for automatically regu¬ 
lating the flow o£ ammonia and the temperature. 

cooling use. The advantages claimed for this type of set-up are as 
follows: 

1. Ice stores up a great amount of refrigeration, thereby giving 
a system with about % the size of a brine system of equal capacity. 

2. A smaller compressor can be used because the stored-up 
refrigeration allows the use of a small compressor over a long period. 

3. The melting point of the ice, 32° F., is the same throughout 
the cycle, thereby giving a constant refrigeration temperature. 


Flake- or Chopped-Ice Machines. There is a great demand for 
equipment which will economically produce small flakes or ice chips, 
for direct cooling of milk bottles in crates and for other uses. 


Figure 78 shows a type of equipment that is quite widely used for 
this purpose. This device consists of a vertical freezer with a double- 
walled steel cylinder open at both ends. A rotor carrying the water- 
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distributing pipe and knives for the removal of the ice is mounted 
inside the freezer and is connected to a gear reducer located on top 
of the freezer. 

A water-circulating pump and sump are used to furnish water to 
the apparatus. 

Inside the cylinder is a moving knife with an edge of stellite. 

Ice is formed by spraying water onto the nickel-plated inner surface 
of the freezer where it freezes almost instantly and is scraped off by 
the rotating knives in the form of fine crystals, very similar to coarse 
snow. 


Sweet-water return 





Sweet-water flow 
up and down 
between ice banks 


7 

Corrugated 
ice surface 


Ice banks built up 
during off peak load 
with small compressor 


Overflow 
to maintain 
water level 


Fins add extra 
freezing surface 


Long up-and-down 
water travel insures 
uniform low-temper¬ 
ature sweet water 


Sweet water out to 
pump to milk cooler 
or cream vats 


Courtesy of the Cherry Burrell Corp, 

Fig. 77. The “Ice-Builder” Type of Sweet-Water System. 

A bin is usually set underneath the cylinder to act as a storage for 
the chopped ice. These units are made in sizes from 1 to 6 tons per 

24 hours’ capacity. 

Several other types of machines are used for this same purpose. 
One of them is called the Vogt Tube Ice Machine, which is a much 
larger unit ordinarily than the Vilter Pack-Ice Machine, and is more 
expensive. The York Manufacturing Company also makes a type of 

flaked-ice machine. 
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REFRIGERATION ACCESSORIES 

Non-Condensable Gas Remover. Certain refrigeration plant acces¬ 
sories are frequently used to improve efficiency and safety. One of 
the most important of these is the non-condensable gas remover. 
This apparatus, see Fig. 79, removes air and decomposed ammonia 

and oil products of a gaseous nature from refrigeration systems and 
thereby maintains low head pressures. Savings of 10 to 20 per cent 
in power cost are frequently made in this manner, for the presence 
of only a small amount of these foreign gases will cause the con- 



Courtesy of the Yilter Corp. 


Fig. 78. The “Pack-Ice” Machine. 


densing pressure to be high with consequent high power consumption 
and loss of refrigeration capacity. Calculations show that 5 per 
cent of air in an ammonia compression system reduces the coefficient 
of performance by 22.3 per cent. (See Table XXXVI.) The non-con- 
densable gas purger operates on the principle that ammonia will 
lquefy if cooled to a certain temperature and pressure. When the 
ammonia passes through this apparatus, the ammonia is condensed 
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and passed back into the system, while the foreign gases are not 
condensed but collected and released to the atmosphere. 

Oil Trap. The oil trap is a very necessary accessory, usually 
placed in the discharge line between the compressor and the condenser. 
It removes oil from the gas and prevents its passing into the evapo¬ 
rating coils where it would interfere greatly with heat transfer. 
Some of the newer-type traps are fitted with floats which automati¬ 
cally pass the oil through a filter and back into the compressor crank¬ 
case. 


TABLE XXXVI 

Calculated Performances for Mixtures of Ant and Ammonia 


Per Cent 
Air in 
Mixture 

Compressing 
Work 1 
per Pound 
Ammonia, 
B.t.u. 

Available 

Refrigera¬ 

tion 

per Pound 
Ammonia, 
B.t.u, 

Coefficient 
of Per¬ 
formance 

Increase of 
Compress¬ 
ing Work, 
B.t.u. 

Decrease 
of Refrig- j 
eration, 
B.t.u, 

Per Cent 
Reduction 
in Coeffi¬ 
cient of 
Performance 

0 

119.6 

482 

4.40 

it* 

• ■ 

* * * * 

1 


473 

3.94 

0.6 

9 

12.7 

3 

121.6 

444.9 

3.66 

2.0 

37 

16.8 

5 

122.8 

420.2 

3.42 

3.2 

62 

22.3 


Ammonia Purifier. The ammonia purifier is a very useful device 
for removing oil and water and other foreign matter from the system. 
Some large plants use an ammonia still for distilling off foreign 
materials; however, a centrifugal separator which appears to remove 


water, oil and impurities from the system very efficiently without the 
use of a still has recently been developed. This device is placed in 
the discharge line between the compressor and the condenser. One 
fact very seldom realized by plant operators is that water in the 
ammonia system (due to leaks in the brine system or to moisture 
drawn in with air through leaky stuffing boxes) will cause a system 
no end of trouble. As 1 per cent of moisture in the ammonia will 
cause the boiling point of the ammonia to be raised approximately 
1° F., the presence of a small amount of water will make freezers 
operating at low back pressure almost inoperative. In all freezers, 
it will make it necessary to carry a lower back pressure than normal, 
with resulting loss in capacity and decreased efficiency. Moisture also 
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causes trouble in ammonia float valves and strainers by freezing and 
sticking. 

High-Pressure Cutout. The high-pressure cutout is a device 
operated by the pressure of the high side of the system and so con¬ 
nected to the motor switch that it will stop the compressor should 
the pressure exceed a predetermined point. Usually high pressures 
are due to water failure or to presence of too much air in the system. 
All plants should have this device as a safety factor. It also prevents 
damage to ammonia and oil due to high temperatures. 


Foul Gas Inlet Foul Gas Outlet 


Suction 
Inlet 





w Section to 

Compressor 
- 


\ 


Foul Gas Line 


Pressure 

Gauge 


l 


*-Foul Gas 
Purge Line 


i 


_j 

* 


Receiver 

Lf* 



Water Bottle 
(Foul Gas Purge) 


} 


XILL Floor Llne^ ^ 



Courtesy of The Creamery Package Mfg . Company, 

Fig. 79. The Non-Condensable Gas Remover. 


Ammonia containing the foul gas is led from the top of the receiver to a jack¬ 
eted section of the suction main. Contact with the cold main causes the ammonia in 
the foul gas mixture to condense. The condensed ammonia is fed back into the main 
system by means of a float control so that the jacket is always well drained of liquid 
ammonia. The foul gases do not condense and are therefore drawn off through a 
purge line to a water bottle which absorbs any slight odor of ammonia and allows 

the foul gases to escape to atmosphere. Valves ar<* provided for regulating the various 
pressures and flows. 


Low-Pressure Cutout. The low-pressure cutout is a similar device 
but connected to the low side of the system so that, if the pressure 
on the suction side should go below a predetermined point, it would 
stop the motor. The principal value of this device is to prevent the 
machine running on a vacuum with consequent drawing in of air at 
the stuffing box or pumping oil out of the crankcase. 
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Low-Pressure Refrigeration. The term low-pressure refrigeration 
system is usually applied to those units using low-pressure refrigerants 
such as sulfur dioxide, Freon (F-12), or methyl chloride, and the like. 
They are used at the present time principally in small units of 15 



Fig. 80. Diagram of a Low-Pressure Refrigeration System with Controls. 


horsepower or less, although they can be obtained in larger sizes. 
Their chief advantage for some purposes lies in the fact that, for 
small refrigeration jobs, they are more easily controlled automati¬ 
cally ; also the refrigerant is less dangerous than ammonia. Also they 
are better adapted to air cooling on account of lower condenser pres¬ 
sure. They are used almost exclusively for ice-cream cabinets, for 
farm dairy cooling units, and for counter ice-cream freezers. 

The operating principle of the system is exactly the same as for 
an ammonia system. Figure 80 shows a diagram of a common system. 
Most of the units are automatically controlled by means of a pres¬ 
sure switch and have full safety protection. Piping is usually of 
copper tubing. 
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AMMONIA 


Properties of Ammonia. Ammonia, a very widely used refrigerant, 
is described in some detail as follows: 

Ammonia is a compound gas composed of 1 part nitrogen to 3 
parts hydrogen by volume, or 14 parts nitrogen and 3 parts hydrogen 
by weight. It has the chemical formula NH S . It is colorless and 
has a sharp pungent odor and an alkaline taste. It has a specific 
gravity of 0.6382 at 32° F., boils at —28° F. at atmospheric pressure, 
and solidifies to a white crystalline mass at —107.80° F. Complete 
data regarding the properties of anhydrous ammonia are given in the 
National Bureau of Standards Circular 142. 

Ammonia is explosive in the proportions 13.1 to 26.77 per cent in 
air. At ordinary temperatures and pressures ammonia is stable; how¬ 
ever, exposure to temperatures of 400° to 500° F., such as can result 
from lack of cooling water in the condenser and on the compressor 
heads, may cause some breaking down. 

Ammonia, being a strong alkali, will attack copper, brass, zinc, 
and aluminum. Iron, steel, and lead are the metals normally used 
in contact with it. Ammonia is very soluble in water. This prop¬ 
erty is utilized in the event of a bad ammonia leak; it is possible to 

absorb the gas and prevent severe damage, if a stream of water can 
be trained on the leak. 


Ammonia is not poisonous; it is, however, a powerful irritant upon 
the mucous membranes and any part of the skin which happens to 
be moist. An atmosphere containing 6 volumes per 1,000 is the most 
dense which can be inhaled without bad results. A ratio of 0.06 
volume per 1,000 in air imparts a strong odor which serves as a 
warning. Ammonia acts as a powerful heart stimulant. 

Anhydrous ammonia is generally shipped in cylinders containing 
50, 100, or 150 pounds of the liquid. The Bureau of Explosives has 
prepared and issued specifications for containers to comply with inter¬ 
state commerce commission regulations. Specification I.C.C.-4 has 

been found most suitable and is most widely used. It includes the 
following: 


All cylinders of anhydrous ammonia shipped by freight must be 
properly identified with the I.C.C. green label. Another important 
regulation is that cylinders may be filled to only 54 per cent of the 
water capacity of the cylinder. This prevents overloading and allows 
sufficient space for any expansion of the liquid which might occur. 

Detecting Ammonia Leaks. Ammonia leaks are detected by the 
odor, also by burning a “sulfur stick.” Contact of ammonia fumes 
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burning sulfur fumes esuses & white smoke to form, which 
will indicate the presence of the ammonia.* 

Specifications for Ammonia. The following specification for am¬ 
monia is considered good: 

Specification 1 

Anhydrous ammonia shall conform to the following requirements: 

(а) Non-condensable gas. The gas drawn from the top of the cylinder 
on the first opening shall contain less than 40 cc. of non-condensable gas 
per 100 grams of ammonia. 

(б) Residue. The residue after free evaporation of 100 cc. of liquid 
ammonia, with due precaution to exclude moisture and to prevent contami¬ 
nation of sample in drawing, shall be less than 0.04 per cent. 

(c) Impurities. Anhydrous ammonia shall contain no objectionable im¬ 
purities, such as pyridine, acetonitrile, naphthalene, hydrogen sulfide, organic 
acid, or other organic compounds, in amounts which can be determined by 
other than the most accurate laboratory methods. Aromatic amines, esti¬ 
mated as pyridine, shall not exceed 0.001 per cent; and organic acid, esti¬ 
mated as acetic acid, shall not exceed 0.005 per cent. 

FREONf 

Properties of Freon. Freon (F-12), dichlorodifluoromethane, is a 
refrigerant which was developed primarily for use in public places 
where the odor and toxicity of ammonia might cause panic and 
danger. Experience has shown that it fulfills this requirement quite 
satisfactorily and is now considered a successful refrigerant having 
many desirable properties. 

It is a colorless and practically odorless gas with a boiling point 
of —21.7° F. at 29.92 inches absolute. It is non-toxic, non-corrosive, 
non-irritating, and non-inflammable. It is chemically inert at ordi¬ 
nary temperatures and thermally stable up to 1,022° F. 

Some further important comparisons of ammonia, Freon, and 
methyl chloride, in addition to those given in Table XXX, are shown 
in Table XXXVII. 

Method of Detecting Leaks. Since Freon is odorless and very 
stable, a special method of locating leaks is required. 

An alcohol- or gas-burning haloid lamp is fitted up with a rubber 
tube connection in its base so that, when the lamp is burning, a draft 

* Sulfur sticks are made by dipping small pine or wood sticks in melted sulfur 
several times to build up a layer of sulfur on one end of the stick. This end is 
then lighted to produce sulfur dioxide gas when hunting ammonia leaks. 

t F-12 is only one of the group of Freon refrigerants. However, it is the only 
one used in the dairy industry to any extent. 
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is created in the rubber tube. The other end of the tube is passed 
over the source of leaks; if any Freon 12 is leaking out, even though 
the concentration is as low as 0.01° per cent Freon 12, the flame 
will turn a bright green. Usually, also, an accumulation of lubrica¬ 
tion oil on the joint will show the presence of a leak, since oil and 
Freon 12 are immiscible and would be carried out together. 

TABLE XXXVII 

Comparison of Ammonia, Freon, and Methyl Chloride 
Standard ton conditions; —5° F. evaporator; 86° F. condensing temperatures 



Ammonia 

F-12 

Methyl 

Chloride 

Relative piston displacement 

59 

100 

105 

Cu. ft. per min. per ton 

3.46 : 

5.815 

6.091 

B.t.u. refrig, effect per lb. 

474.45 

51.07 

148.47 

Pounds of refrigerant/min./ton 

0.4215 

3.916 

1.345 

Cu. in. of liquid refrigerant per min. per ton 

19.6 

83.90 

41.70 

Specific gravity of liquid (5° F.) 

0.660 i 

1.445 ; 

0.980 

Density of vapor at 5° F., lb. per cu. ft. 

0.1227 

0.6735 

0.020 


Calculation of Size of Refrigeration-Machine Requirements. In 

calculating the size of the compressor needed to do the job in a par¬ 
ticular plant, it is first necessary to make a chart showing the refrig¬ 
eration load distribution throughout the day. This should ordinarily 
be figured on a basis of B.t.u. of actual refrigeration required per hour. 

The sum of all the various loads at a given period must be considered, 
as shown in Fig. 198. 

The second step is then to consider the type of system to be used; 

that is, whether it is to be direct expansion, brine type or refrigeration 

storage of any type and, if so, how many hours per day the compressor 
is to operate. 

The third step is then to calculate the B.t.u. requirement of the 
maximum 1-hour period, and select the size of refrigeration system that 
will give that number of actual B.t.u. of refrigeration, based upon the 
back pressure required to reach the specific low temperatures required. 

Note that the actual B.t.u. capacity of a refrigeration machine is 
determined and affected by both the back pressure and* the head pres¬ 
sure, and the size of the machine should be selected with these factors 
in mind. For example, if a certain size compressor is to be used for 
cooling milk where the back pressure may be 25 or 30 pounds per 
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square inch, a given size compressor running at a certain speed will 
give several times more refrigerating effect in B.t.u. per hour than it 
would if it were operating at, say, 5 pounds back pressure in an ice¬ 
cream hardening room. This is due to the difference in the density of 
the ammonia gas which is being pumped and thereby affects the actual 
capacity of the refrigeration machine. In the final calculation of the 
size of the compressor to be used it is usually advisable to provide an 

excess capacity of at least 25 per cent in order to take care of un¬ 
expected overloads and to provide for future expansion, wear, etc. 

It is also a very good policy in many plants to have several mod¬ 
erate-sized compressors, rather than one large one, as this plan gives 
greater flexibility and greater economy of operation, as well as a safety 
factor from the standpoint of breakdowns. 

Calculation of Amount of Expansion Coils. The amount of ex¬ 
pansion coil required for a refrigeration room depends very largely 
upon the type of coil, the rate of movement of air over the surface of 
the pipe coils, and the temperature difference desired between the in¬ 
side of the pipe coil and the room temperature. 

Ordinarily it is considered that, with standard pipe coils, about 
2.5 B.t.u. per hour of heat transfer is obtained for each degree of dif¬ 
ference in temperature between the inside and outside of the pipe per 
square foot of pipe surface. With forced-air circulation and air 
velocity of about 100 feet per minute, the heat transfer would be 
about 5 B.t.u. If the pipe coils should be closed with a thick layer 
of ice, the transfer might be very much less than even 2.5 B.t.u. per 
hour. 

Certain types of finned coils are practical under certain conditions 
and give a much greater heat transfer rate. Usually these types of 
heat exchange apparatus are rated by the manufacturer. It is best 
to obtain the services of a competent refrigeration engineer to deter¬ 
mine the exact type and expansion coil size requirements. 

Flooded-type expansion-coil systems immersed in brine or water 
give much higher rates of heat transfer than those in air, and certain 
special types of heat exchangers, such as the freezing cylinder of a 
continuous ice-cream freezer, operate at very high rates of heat trans¬ 
fer, in the neighborhood of 300 to 400 B.t.u. per hour per degree of 
difference in temperature per square foot. These are, however, special 
instances in which every advantage is taken of agitation and proper 
film removal to obtain high rates of heat transfer. 

A simple formula for use in figuring the number of square feet of 
pipe surface to be used under ordinary conditions of operation might 
be as follows: 
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H 

A =- 

K(T - Tx) 24 

where A = square foot surface of pipes required. 

H = total quantity of heat in B.t.u. to be removed in 24 hours 

continuous operation. 

K = coefficient of heat transfer per hour (2.5 for ordinary pipe in 

still air). 

T = temperature of air in cold-storage room. 

T x = temperature of ammonia inside coils. 

Note that the temperature of the ammonia inside an expansion coil 
is related almost exactly to the corresponding back pressure of gauge 
pressure of the ammonia in that coil, in accordance with the relation¬ 
ship shown in the ammonia table. Certain impurities in the ammonia 
may cause the ammonia to have a higher boiling point than that shown 
by the table for a given pressure and thereby reduce the efficiency of 
the operation. 

QUESTIONS 

1 . Define refrigeration. 

2 . What is natural refrigeration? Artificial? 

3. Explain how the use of salt in ice makes lower temperatures possible. 

4. What is “dry ice”? Name its advantages. 

5. Explain the principle of mechanical refrigeration. 

6 . What are the principal parts of the compression refrigeration machine? 

7. How are refrigeration machines rated? 

8 . Explain the three principal methods of feeding refrigeration coils. 

9. What are the characteristics of a good ammonia compressor? 

10 . What are the characteristics of a good ammonia compressor oil? 

11 . What horsepower is required per ton in low-temperature work? 

12 . What is the function of the “condenser”? 

13. Name three types of condensers. 

14. What is a “booster compressor”? What is its value? 

15. Name the principal causes of inefficient operation of refrigeration systems 

16. What is an expansion valve? 

17. What is meant by the direct expansion system? What are its advan¬ 
tages? 

18. Describe the action of the thermostatic expansion valve. 

19. Describe the action of the pressure-type automatic expansion valve. 

20 . Describe the action of an ammonia pressure regulator valve 

21 . What is meant by brine? 

22 . Describe the three types of brine systems. 

23. What are the principal differences between sodium chloride brine and 
calcium chloride brine? 

24. What methods are suggested for preventing corrosion by brine? 

25. What is meant by a sweet-water cooling system? 

26. Describe the operation of a non-condensable gas remover. 
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27. Where is the oil trap located in the system? 

28. What is the effect of moisture in the ammonia on its boiling point? 

29. Why are high-pressure and low-pressure cutouts desirable on refrigeration 
machines? 

30. What are the general properties of ammonia? 

31. What are the general properties of Freon? Of methyl chloride? 

32. How are leaks detected in ammonia systems? In Freon systems? 

33. ^That is the relationship between ammonia head pressure and horsepower 
per ton required to drive the compressor? 

34. What is the ratio between volume of gas pumped for equal refrigeration 
conditions with an ammonia and Freon system? 

35. What is the boiling temperature of ammonia under atmospheric pres¬ 
sure ? 

36. What is the latent heat of vaporization of ammonia under atmospheric 
pressure ? 

37. Define saturated, dry, wet, superheated ammonia vapor. 

38. Can saturated ammonia vapor be wet, dry, superheated? 

39. Can superheated ammonia vapor be wet, dry, saturated? 

40. List five requirements of an ideal refrigerant. 

41. List at least two advantages each for the direct expansion and for the 
brine system of applying refrigeration. 

42. What is the approximate conductivity of direct expansion coils per square 
foot per hour per degree difference in temperature (without forced air circula¬ 
tion) ; with forced air circulation; in still brine; with forced circulation of brine? 

43. What is the latent heat of fusion of ice at atmospheric pressure? 

44. What is a ton of refrigeration? 

45. What is meant by a 1-ton compressor? 

46. How high should the back pressure be? 

47. What is usually the approximate difference in temperature between the 

condenser water inlet and the liquid ammonia outlet? 

* 

48. How high should the discharge pressure be? 

49. Assuming a constant speed and suction pressure, how can the discharge 
pressure be regulated? 

50. How much condenser water should be used per ton of refrigeration? 

51. What kind of brine is commonly used in dairy-industry plants? 

52. From the standpoint of minimum corrosion, what should be the specific 
gravity and hydrogen-ion concentration of calcium chloride brine? 

53. Why should brine be protected as much as possible from contact with 
the air? 

54. Approximately how many pounds of ammonia will be required to charge 
a system using a 7-ton compressor? 

55. How many pounds of calcium chloride would be required to make up 
100 gal. of brine of 1.25 specific gravity? 

56. What are the specific heat and the freezing point of calcium chloride 
brine of 1.25 specific gravity? 

57. If 100 lb. of liquid ammonia at 70° F. is evaporated at a pressure of 10 
lb. gauge, how many B.t.u. of refrigeration are produced? 

58. A cold room is to be maintained at 20® F.; what ammonia temperature 
should be used in planning to cool it by direct expansion? 
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59. If this room is to be cooled by brine, what temperature of ammonia and 

brine should be used in planning the piping? 

60. If 80,000 R.t.u. are to be removed from this room in 24 hr., how many 
feet of 1^4-in. direct expansion piping will be needed (assuming only natural air 
circulation) ? 

61. With forced circulation of the air at 1,000 ft. per min., how many degrees 
could the temperature of the ammonia be raised if the same length of pipe were 
retained ? 

62. With forced circulation of the air at 1,000 ft. per min., how many feet 
of pipe would b$ needed if the same ammonia temperature were used? 

63. If brine of 12 specific gravity were used, how many gallons of brine 
would have to be circulated per hour, allowing a rise in brine temperature of 8°? 

64. For the condition give in Problems 31 and 34, how many feet of 1%-in. 
expansion pipe would be needed in the brine tank (brine is circulated)? 

65. What evaporator pressure (gauge) is required to obtain an ammonia 
temperature of 0° F.? 

66. If an evaporator pressure of 5 lb. gauge is maintained, what will be the 
temperature of the ammonia in the expansion coils? 

67. If water flows through a condenser at the rate of 20 gal. per min. with 
the inlet temperature 65° F. and the outlet temperature 75° F., and if 75 per 
cent of the heat absorbed by the water represents refrigeration, how many tons 
of refrigeration are produced per hour? 

68. What is the displacement per minute of a double-cylinder single-acting 
compressor with a 6-in. bore and 6-in. stroke, when operated at 200 r.p.m.? 

69. What will be the displacement of this compressor in cubic feet per hour? 

70. Approximately how many gallons of condensing water are usually required 
per minute per ton of refrigeration? 

71. How many pounds of CO* ice will be required per hour for an ice-cream 
cabinet with 90 sq. ft. of outside surface, 6 in. of insulation of conductivity of 

0.3 B.t.u. per hr. per sq. ft. per ° F. per in. thickness, with outside temperature 
90° F. and required inside temperature —5° F.? 
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TABLE XXXVIII 


Thermal Properties of Saturated Freon Vapor, CC1 2 F] (F-12) 


Tempera¬ 
ture in 
degrees 
Fahrenheit 

Pressure 

Heat Content 

Absolute 
in pounds 
per square 
inch 

Gauge in 
pounds per 
square inch 

i Liquid in 
B.t.u. per 
pound 

Latent in 
B.t.u. per 
pound 

Vapor in 
B.t.u. per 
pound 

-20 

15.28 

0.58 

4.07* 

71.80 

75.87* 

-10 

19.20 

4.50 

6.14 

70.91 

77.05 

0 

23.87 

9.17 

8.25 

69.96 

78.21 

2 

24.89 

10.19 

8.67 

69.77 

78.44 

4 

25.96 

11.26 

9.10 

69.57 

78.67 

5f 

26.51 

11.81 

9.32 

69.47 

78.79 

6 

27.05 

12.35 

9.53 

69.37 

78.90 

8 

28.18 

13.48 

9.96 

69.17 

79.13 

10 

29.35 

14.65 

10.39 

68.97 

79.36 

12 

30.56 

15.86 

10.82 

68.77 

79.59 

14 j 

31.80 

17.10 

11.26 

68.56 

79.82 

16 

33.08 

18.38 

11.70 

68.35 

80.05 

18 

34.40 

19.70 

12.12 

68.15 

80.27 

20 

35.75 

21.05 

12.55 

67.94 

80.49 

22 

37.15 

22.45 

13.00 

67.72 

80.72 

24 

38.58 

1 23.88 

13.44 

67.51 

80.95 

26 

40.07 

25.37 

13.88 

67.29 ; 

81.17 

28 

41.59 

26.89 

14.32 

67.07 

81.39 

30 

43.16 

28.46 

14.76 

66.85 

81.61 

32 

44.77 

30.07 

15.21 

66.62 

81.83 

34 

46.42 

31.72 | 

15.65 

66.40 

82.05 

36 

48.13 

33.43 

16.10 

66.17 

82.27 

38 

49.88 

35.18 

16.55 

65.94 

82.49 

40 

51.68 

36.98 

17.00 

65.71 

82.71 

42 

53.51 

38.81 

17.46 

65.47 

82.93 

44 

55.40 

40.70 

17.91 

65.24 

83.15 

46 

57.35 

42.65 

18.36 

65.00 

83.36 

48 

59.35 

44.65 

18.82 

64.74 

83.57 

50 

61.39 

46.69 

19.27 

64.51 

83.78 

52 

63.49 

48.79 

19.72 

64.27 

83.99 

54 

65.63 

50.93 

20.18 

64.02 

84.20 

56 

67.84 

53.14 

20.64 

63.77 

84.41 

58 

70.10 

55.40 

21.11 

63.51 

84.62 

60 

72.41 

57.71 

21.57 

63.25 

84.82 

62 

74.77 

60.07 

22.03 

62.99 

85.02 

64 

77.20 

62.50 

22.49 

62.73 

85.22 

66 

79.67 

64.97 

22.95 

62.47 

85.42 


* Heat content above —40° F. f Standard ton temperatures. 
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TABLE XXXVIII —Continued 


Tempera¬ 
ture in 
degrees 
Fahrenheit 

Pressure 

Heat Content 

Absolute 
in pounds 
per square 
inch 

Gauge in 
pounds per 
square inch 

' Liquid in 
B.t.u, per 
i pound 

Latent in 
B.t.u. per 
pound 

Vapor in 
B.t.u. per 
pound 

68 

82.24 

67.54 

23.42 

62.20 

85.62 

70 

84.82 

70.12 

23.90 

61.92 

85.82 

72 

87.50 

72.80 

24.37 

61.65 

86.02 

74 

90.20 

75.50 

24.84 

61.38 

86.22 

76 

93.00 

78.30 

25.32 

61.10 

86.42 

78 

95.85 

81.15 

25.80 

60.81 

86.61 

80 

98.76 

84.06 

26.28 

60.52 

86.80 

82 

101.7 

87.00 

26.76 

60.23 

86.99 

84 

104.8 

90.1 

27.24 

59.94 

87.18 

86 f 

107.9 

93.2 

27.72 

59.65 

87.37 

88 

111.1 

96.4 

28.21 

59.35 

87.56 

90 ; 

114.3 

99.6 

28.70 

59.04 

87.74 

92 

117.7 

103.0 

29.19 

58.73 

87.92 

94 

121.0 

106.3 

29.68 

58.42 

88.10 

96 

124.5 

109.8 

30.18 

58.10 

88.28 

98 

128.0 

113.3 

30.67 

57.78 

88.45 

100 

131.6 

116.9 

31.16 

57.46 

88.62 

102 

135.3 

120.6 

31.65 

57.14 

88.79 

104 ! 

139.0 

124.3 

32.15 

56.80 

88.95 

106 

142.8 

128.1 

32.65 

56.46 

89.11 

108 

146.8 

132.1 

33.15 

56.12 

89.27 

no 

150.7 

136.0 

33.65 

55.78 

89.43 

112 

154.8 

140.1 

34.15 

55.43 

89.58 

114 

158.9 

144.2 

34.65 

55.08 

89.73 

116 

163.1 

148.4 

35.15 

54.72 

89.87 

118 

167.4 

152.7 

35.65 

54.36 

90.01 

120 

171.8 

157.1 

36.16 

53.99 

90.15 

122 

176.2 

161.5 

36.66 

53.62 

90.28 

124 

180.8 

166.1 

37.16 

53.24 

90.40 

126 

185.4 

170.7 

37.67 

52.85 

90.52 

128 

190.1 

175.4 

38.18 

52.46 

90.64 

130 

194.9 

180.2 

38.69 

52.07 ; 

90.76 

132 

199.8 

185.1 

39.19 

51.67 

90.86 

134 

204.8 

190.1 

39.70 

51.26 

90.96 

136 

209.9 

195.2 

40.21 

50.85 

91.06 

138 

215.0 

200.3 

40.72 

50.43 

91.15 

140 

220.2 

205.5 

41.24 

50.00 

91.24 


t Standard ton temperaturea. 


reproduced from Rummel and Vogelaang, Practical Air Conditioning, John WUev & Son*, 
by permission. 




























208 


DAIRY ENGINEERING 


TABLE XXXIX 


Volume op Ammonia Gas (Cubic Feet) That Must Be Pumped per Minute to 

Produce 1 Ton of Refrigeration in 24 Hours 


Suction Pressure 
(Gauge) and Cor¬ 
responding Tem¬ 
perature of Gas 

Lb. per 
Sq. In. 

°F. 

4 

-20 

6 

-15 

9 

-10 

13 

-5 

16 

0 

20 

5 

24 

10 

28 

15 

33 

20 

39 

25 

45 

! 30 

51 

35 


5.84 
5.35 
4.66 
4.09 

3.59 
3.20 
2.87 

2.59 
2.31 
2.06 

1.85 
1.70 


Condenser Pressures (Lb. per Sq. In. Gauge) and 

Temperatures (°F.) 



115 127 139 

(70°) (75°) (80°) 


5.90 
5.40 
4.73 
4.12 
3.63 
3.24 

2.90 
2.61 
2.34 
2.08 
1.87 
1.72 


5.96 

5.46 

4.76 

4.17 

3.66 

3.27 

2.93 

2.65 

2.36 

2.10 

1.89 

1.74 


6.03 

5.52 

4.81 

4.21 

3.70 

3.30 

2.96 

2.68 

2.38 

2.12 

1.91 

1.76 



6.09 

5.58 

4.86 

4.25 

3.74 

3.34 

2.99 

2.71 

2.41 

2.15 

1.93 

1.77 




168 184 200 

90°) (95°) (100°) 




6.16 

5.64 

4.91 

4.30 

3.78 
3.38 
3.02 
2.73 
2.44 
2.17 
1.95 

1.79 


6.23 

5.70 

4.97 
4.35 
3.83 
3.41 
3.06 
3.76 
2.46 
2.20 

1.97 
1.81 



6.30 

5.77 

5.05 

4.40 

3.87 

3.45 

3.09 

2.80 

2.49 

2.22 

2.00 

1.83 


6.43 
5.83 
5.08 

4.44 

3.91 
3.49 
3.12 
2.82 
2.51 
2.24 
2.01 

1.85 


(Add 33 per cent for probable actual volume.) 
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TABLE XL 

Theoretical Horsepower Required to Produce 1 Ton of Refrigeration 


Suction Pressure 

(Gauge) and Cor- Condenser Pressures (Lb. per Sq. In. Gauge) and Correspond- 
responding Tern- ing Temperatures (°F.) 

p Mature 


Lb. per 
Sq. In. 

°F. 

103 

(65°) 

! 115 
(70°) 

127 

(75°) 

139 

(80°) 

153 

(85°) 

168 

(90°) 

184 

(95°) 

200 

(100°) 

218 

(105°) 

4 

-20 | 

1.058 

1.130 

1.205 

1.283| 

1.361 

1.443 

1.525 

1.609 

1.691 

6 

-15 

0.997 

1.069 

1.145 

1.222 

1.300 

1.410 

1.461 

11.546 

1.630 

9 1 

-10 

0.903 

0.978 

1.045 

1.118 

1.193 

1.260 

1.347 

1.435 

1.509 

13 

-5 

0.818 

0.883 

0.954 

1.023 

1.094 

1.168 

1.244 

1.321 

1.396 

16 

0 

0.735 

0.801 

0.865 

0.933 

1.002 

1.072 

1.147 

1.219 

1.255 

20 

5 

0.666 

0.731 

0.795 

0.859 

0.928 

0.998 

1.066 

1.138 

1.212 

24 

10 

0.592 

0.663 

0.726 

0.789 

0.854 

0.921 

0.991 

1.060 

1.129 

28 

15 

0.541 

0.600 

0.664 

0.728 

0.792 

0.855 

0.922 

0.994 

1.060 

33 

20 

0.474 

0.534 

0.592 

0.672 

0.715 

0.780 

0.842 

0.903 

0.974 

39 

25 

jo. 410 

0.466 

0.523 

0.580 

0.599 

0.702 

0.767 

0.829 

0.892 

45 

30 

i0.351 

0.406 

0.461 

0.518 

0.576 

0.635 

0.694 

0.759 

0.817 

51 

35 

0.300 

0.355 

0.410 

0.467 

0.521 

0.580 

0.640 

0.701 

0.763 


(Add 50 per cent for probable actual horsepower.) 
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TABLE XLI 

Recommended Size op Ammonia Connections 



Suction Line 

Liquid Line 

Pipe Size 

I Tons Refrig- 

Velocity, feet 

Tons Refrig- 

Velocity, feet 


eration 

per minute 

eration 

per minute 


0.47 

1,000 

17.75 

120 

H 

1.38 

1,500 

35.00 

120 

1 

: 3.90 

2,000 

54.7 

120 


6.48 

2,500 

98.0 

120 

l'A 

10.72 

3,000 

135.0 

120 

2 

22.40 

3,750 

228.0 

120 

2 ^ 

36.50 

4,250 

324.0 

120 

3 

63.50 

4,750 



3 M 

88.50 

4,900 



4 

117.00 

5,000 



5 

185.00 

5,000 



6 

265.00 

5,000 




Note: Above capacities based on: 

1. Evaporating temperatures = 5° 

2. Suction gas temperatures = 14° 

3. Condensing temperature =86° 

4. Liquid temperature — 77° 


CHAPTER IX 


INSULATION AND COLD-STORAGE ROOMS 


The cost of maintaining low temperatures in refrigerated equip¬ 
ment and cold rooms would ordinarily be prohibitive if there were 
not some means of preventing rapid heat absorption from the atmos¬ 
phere. Fortunately there are very effective methods of constructing 
cold-storage walls and covering cooling equipment with materials 



Courtesy of the Armstrong 
Cork Co. 


Fig. 81. The Cell Structure of 
Cork, Magnified. 



Fig. 82. Convection 
Currents in an Open 
Air Space. 


which greatly reduce the passage of heat. In general, these materials 
are called insulators. Just as, in electrical work, an insulator pre¬ 
vents the flow of electricity, so the insulating materials in the refriger- 
ation industry prevent the flow of heat from the warm to the cold 
object All materials resist the flow of heat to a certain extent, but 
only those which have high resistance are called insulators. 

In general, insulation materials are light in weight and contain 
many small air cells Corkboard is a good example of this type of 

ture o/cork tT * , magnified view of the air-cell struc¬ 

ture of cork. The insulating value of this material is due to the fact 

that it contains myriads of individual air cells which are connected 
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to each other by only a very thin membrane of solid material. Each 
cell forms a small dead air space, and air which is not moving is one 
of the best heat insulators. It is important that the air space be 
small, for in a large air space eddy currents are set up between the 
hot and cold side and heat is carried by convection; see Fig. 82 . If 

TABLE XLII 

Heat Conductivity and Density of Various Insulating and Building 

Materials * 


Material 

Thermal Conductivity, 
B.t.u. per square foot 
per inch per hour per 
degree Fahrenheit 

Density, 
pounds per 
cubic foot 

Description of Material 

Air 

0.175 

0.08 

Ideal air space 

Air cell, K in. 

0.458 

8.80 

Asbestos paper and air spaces 

Air cell, 1 in. 

0.500 

8.80 

Asbestos paper and air spaces 

Asbestos mill board 

0.830 

61.0 

Pressed asbestos 

Asbestos wood 

3.700 

123.0 

Asbestos and cement 

Balsa wood 

0.350 

7.5 

Light and soft across grain 

Brick masonry 

4.0-5.0 



Caloraz 

0.221 

4.0 

Fluffy, finely divided mineral matter 

Cement mortar 

2.0 



Cork 

0.337 

5.3 

Granulated in. 

Cork 

0.330 

10.0 

Regranulated M«-M in* 

Corkboard 

0.279 

6.9 

No artificial binder—low density 

Cork board 

0.30S 

11.3 

No artificial binder—medium density 

Cotton wool 

0.292 


Loosely packed 

Fibrofelt 

0.329 

11.3 

Felted vegetable fibers 

Fire felt sheet 

0.583 

26.0 

Soft, flexible asbestos sheet 

Fire felt wool 

0.625 

43.0 

Asbestos sheet coated with cement 

Flaxlinum 

0.329 

11.3 

Felted vegetable fibers 

Hair felt 

0.246 

17.0 ; 


Hard maple wood 

1.125 

44.0 

Across grain 

Infusorial earth 

0.583 

43.0 

Natural blocks 

Insulite 

0.296 

11.9 

Pressed wool pulp—rigid 

Kapok 

0.238 

0.88 

Vegetable fiber—loosely packed 

Keystone hair ! 

0.271 

19.0 

Hair felt combined with building paper 

Linofelt 

0.300 

11.3 

Vegetable fiber combined with paper 

Lithboard 

0.379 

12.5 

Mineral wool and vegetable fibers 

Mineral wool 

0.275 

12.5 

Medium packed 

Mineral wool 

0.288 

18.0 

Felted in blocks 

Oak wood 

1.000 

38.0 

Across grain 

Planer ehavings 

0.417 

8.8 

Various 

Plaster 

3.0-6.0 



Pulp board 

0.458 

» * * ■ • 

Stiff pasteboard 

Pure wool 

0.263 

5.0 


Rock cork 

0.346 

21.0 

Mineral wool aDd binder—rigid 

Slag wool 

0.750 

15.0 


Stone concrete 

6 . 0-9 . 0 



Tar roofing 

0.707 

55. 


Virginia pine wood 

0.958 

34. 

Across grain 

White pine wood 

0.791 

32. 

Across grain 

Wool felt 

0.363 

21. 

Flexible paper stock 


* Adapted principally from National Bureau of Standards tables. 
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the air spaces are very small, however, and there are many of them, 
the air currents will not form. Large air spaces as insulators have 
been practically discontinued by modern refrigeration engineers. 

In practice, small air cells may be formed by packing the large 
space with a fine fluffy material such as hair felt, or any other 

products of similar type. 

The vacuum or thermos bottle is perhaps the best insulator, for 
all the air is evacuated from the space between the walls, and, in 
addition, the inner surface of the jacket is given a mirror finish fur¬ 
ther to reflect heat rays. 

Table XLII gives a list of common insulating materials together 
with their conductivity. It will be noted that, without exception, the 
materials are all light in weight, and when made up, give the effect 
of small-air-cell distribution. 

The value of an insulator depends upon a number of other factors 
as well as the resistance to heat flow. For example, the material 
should be structurally strong, moisture resistant, non-odorous, resist¬ 
ant to decay, resistant to insect attack, reasonable in cost, and easily 
applied. 

Rating of Insulation. The insulating value of a material is ordi¬ 
narily designated as the B.t.u. transmitted per hour per square foot 
per degree difference in temperature for 1-inch thickness. This value 
is called the thermal conductivity and is commonly designated by the 
letter k. If this value and the conditions are known, it is possible 
to calculate closely the amount of heat which will pass through a 
given wall in a given time; for example, if it is known that a cork- 
board wall 2 inch thick has a temperature of 70° F. on one side and 
40° F. on the other, the heat transmitted per hour through the insu¬ 
lation of a 40-square-foot area will be: * 

„ x u u x „ (Ti - T 2 ) X k X A 

B.t.u. per hour heat flow -—— 

t 

where T\ = temperature on warm side in degrees Fahrenheit. 

T 2 = temperature on cold side in degrees Fahrenheit. 
k = conductivity constant for insulation = 0.330 in B.t.u./ 
square foot per hour/degrees Fahrenheit/inch. 

A = area of the wall = 40 sq. ft. 
t = thickness of the wall in inches. 

Then 


Heat flow = 


(70 - 40) X 0.330 X 40 

2 


198 B.t.u. per hour. 


* The surface-film resistance is also a factor, but for ordinary calculations of 
the above type it can be neglected. 
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This same general formula can be applied to all insulating problems. 
However, if a wall is made up of more than one material, as it usually 
is, the overall value of k 0 must be used in order to evaluate the com¬ 
bination; for example, if a wall is constructed of 8-inch brick, 8-inch 
corkboard, and y 2 ~inch cement plaster, the value of k 0 for the wall, 
i.e., the heat transmitted per square foot per hour per degree difference 
in temperature, may be determined as follows: 



*o = overall conductivity in B.t.u./square foot/hour/degree 

F ahrenheit. 

<1 = thickness of the brick in inches. 

k i = conductivity of the brick = k = 4.8 from Table XLII. 

<2 = thickness of the cork in inches. 

k 2 = conductivity of the cork = 0.33 from Table XLII. 

<3 = thickness of the plaster in inches. 

&3 = conductivity of the plaster = k = 6.0 from Table XLII. 

This value of k 0 can be substituted in the general formula 

B.t.u. per hour heat flow = ( T x — T 2 ) Xk 0 X A 

and the heat transferred through the entire wall obtained. 

This is the theoretical value, and in practice it is customary to 
add 25 per cent to the calculated load in order to cover losses due to 
doors, windows, and poorly fitted joints. 

Problem. Find the tons of refrigeration necessary to overcome the heat 
loss through the four side walls of a room 8 ft. by 10 ft. by 8 ft. having the 
walls all of 8-in. brick, 8-in. corkboard, and 14-in. cement. Inside tempera¬ 
ture =—20° F.; outside temperature = 70° F. Add 25 per cent for safety 
factor and losses through joints, etc. 

Solution: 

k = 0.0386 from example above. 

Area of sides = 8x10 x 2 + 8 x 8 x 2 = 288 sq. ft. 

B.t.u. per hr. = (Ti — Ti) x A x k = 90 x 288 x 0.0386 = 999.9 B.t.u. 

By definition 1 ton of refrigeration is equal to a heat-removal rate of 12,000 
B.t.u. per hr. 

999.9 

Tons refrigeration capacity needed =-— = 0.083 ton. 

12,000 

Actual tons needed = 0.083 +(0.25 X 0.083) = 0.083 + 0.0207 = 0.1037 ton. 
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Insulation Application and Management. In constructing an in¬ 
sulated wall or covering it is essential that material of the proper type 
be selected. In some locations an insulation must have considerable 
mechanical strength, as in floors and on pipe covering. In others, 
strength is unimportant. All insulating material must be protected 
from moisture, as a wet insulator has very little insulating value. 
For this reason it is customary to take great care so to apply the 
insulation that it will be waterproof. This means that the covering 


must be air tight as well as water tight, for low temperatures always 
condense moisture out of the air, and, if air is allowed to enter, insu¬ 
lating material will gradually become saturated with water, or will 


freeze, or will break loose. 

Insulation of Refrigeration Pipes. It has been demonstrated that, 
under average conditions, 1 square foot of bare refrigeration pipe will 
transmit about 43 B.t.u. per 24 hours for each degree of difference 
between inside and outside temperatures. With a pipe carrying 0° F. 
ammonia and an outside room temperature of 70° F., it may be calcu¬ 
lated that each square foot of surface will lose approximately 3.8 tons 
of refrigeration annually. 

It is important, then, to insulate refrigeration pipelines, not only 
from the standpoint of improved performance of the refrigeration 
system but also from the standpoint of dollars and cents. 

When installing pipeline insulation, it is important that it be fitted 
carefully to pipes, valves, and fittings and that all seams be especially 
well sealed. The slightest air leak through the coverings will cause the 
deposition of frost, which will accumulate and in a short time split the 
insulation and destroy the covering. 

A general procedure in the covering of pipes and fittings is to clean 
them carefully, paint them with a heavy coat of waterproof asphalt 
paint, and then, when the paint is dry, apply the covering. Molded 
cork covering, which is most frequently used for low-temperature lines, 
comes in 3-foot lengths. The half sections of covering should be stag¬ 
gered in length, thus giving a joint halfway around the pipe every 
18 inches. The longitudinal seam should come at the top and bottom 
of the pipe. All broken corners and chipped edges should be repaired, 
and the covering should be made to fit snugly around the pipes. All 

seams and joints should be filled with brine putty or paraffin and cork 
dust. 


Valves and fittings should be very carefully covered, and all open 
spaces between the valves or the fitting and the covering should be 
completely filled with the brine putty or paraffin and cork dust. 




216 


DAIRY ENGINEERING 


The fittings and the covering should be securely wired with Conner 

clad wire, using four to six wires to a fitting, and six wires to Tad, 
3-foot length of covering. 

A final covering of the insulation should be made with a heavy coat 
of waterproof asphaltic paint. 


The same general principles that apply to pipe-line covering, of 

making the insulation moisture-proof and air-tight also apply to the 

insulation of cold-storage rooms, brine tanks, and other low-tempera¬ 
ture equipment. 


Figure 83 shows a few of the most common refrigeration fittings, 
together with the shape of the insulation required for covering them. 







Fig. 83. Refrigeration Fittings (Insulation). 

Cold-Storage Rooms. The proper construction of cold-storage 
rooms in the dairy plant is essential; it involves not only insulation 
efficiency but also such matters as labor efficiency and the economical 
application of refrigeration. 
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The cold-storage room should, if possible, be located on the cool 
side of the building if there is one, and oftentimes advantage can be 
taken of the wall of an adjacent cold room, to save on the amount 
of insulation needed. A cubical or square room is preferable from 
the standpoint of heat efficiency, but labor efficiency may call for a 
different shape. The room should be laid out so that it fits into the 
plant movement, giving straight-line flow of products, if possible. It 
is advisable to make provision for expansion in the future, as ex¬ 
perience shows that the average dairy plant may grow more rapidly 
than anticipated. 

The thickness and amount of kind of insulation required in a given 
room depend upon the local conditions; however, it is safe to assume 
that the values given in Table XLII are conservative for general use. 
If refrigeration is costly, one can afford to spend more for insula¬ 
tion. Conversely, if refrigeration costs are low one may be justi¬ 
fied in spending less for insulation. The problem is to obtain the 
desired cooling effect at the least total cost, which depends upon 

the relative costs of insulation and refrigeration. There is also a 
great satisfaction in knowing that a well-insulated room will main¬ 
tain its low temperature for a considerable time and prevent spoilage 
of product even though the refrigeration machine should be disabled. 

The walls of cold rooms are usually constructed as shown in Fig. 
84, although local conditions govern the materials used. The finish 
is usually waterproof cement plaster or mastic. Mastic has become 
popular on account of its greater elasticity and moisture-resisting 
qualities. Table XLIII shows recommended thickness of cork for 
different temperature conditions. 

The ceiling is constructed in about the same manner as the side 
walls, but it is necessary to use more fastening nails or skewers. Note 
that in all insulation work it is desirable to overlap or stagger the 
edges of the corkboard blocks or sheets and make good tight joints. 
Figure 85 shows typical ceiling construction. Where possible it is 
preferable to place the ceiling insulation on top of the ceiling slab of 
concrete, on account of more secure fastening. 

Floors are constructed on the same general principles of insulation 
as side walls and ceilings, but floors must have in addition mechanical 
strength to carry the load of trucking and handling of goods. Figure 
86 shows typical construction of floors for cold rooms in the dairy 

industry. A good-quality concrete floor is very satisfactory and is 

easily kept clean. Some plants, however, prefer a hard tile for the 
wearing surface. 
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1.9 B.T.U. 
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( d ) 


Fig. 84. Typical Insulated Walls. 

(a) Typical insulated wall section using corkboard and masonry wall. 

(b) Typical insulated wall section using corkboard and frame wall. 

(c) Typical two layer wall section using corkboard and masonry wall. Note use 
of wood skewers. 

(d) Typical wall sections haring specified heat-transfer coefficient. B,t.u. per 24 
hours. 
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Doors and windows should be kept at the very minimum because 
of heat leakage and troubles from moisture; however, this feature 
must be worked out to fit the general plan of work. Nearly all 
modern cold rooms are artificially illuminated and have no windows. 


TABLE XLIII 


Suggested Insulation Thickness for Roous of Various 
Temperatures Where Atmosphere Is at 

Approximately 70° F. 


Room Temperature, , 
°F. 

Suggested Thickness 
Corkboard Insulation, in. 

50 

2 

40 

3 

30 

3 

20 

4 

10 

5 

0 

6 

-10 

8 

-20 

8 


Cold-storage doors may be of several different types; it is usually 
better to purchase a ready-made door and frame than to build one on 
the job. Modern types of doors are usually sealed by means of two 
gaskets forming a double air lock. The hardware on cold-storage 
doors must be heavy and well galvanized, as the service is severe. 



Fig. 85. A Typical Insulated Ceiling Section. 

Where possible, ceiling insulation should be laid on the top side of the 
slab, as it is then secured so that tb«re is no danger of its dropping. 


ceiling 
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Modern practice is to provide an anteroom or vestibule for rooms 
which are held below 0° F., as this prevents great quantities of warm 
air rushing into the cold room when workmen enter or leave the room 
One of the principal disadvantages of allowing warm air to enter is 
that it brings in moisture which then forms excessive frost on the 
coils. Some modern plants which have good facilities for defrosting 
the coils may dispense with the anteroom entirely. 

Can-passing doors, see Fig. 87, are widely used in ice-cream 

hardening rooms, and save much refrigeration by making it possible 

to take products in and out of a room without workmen continually 
passing in and out of doors. 


The can-passing door is essentially a small door only large enough 
to permit passage of small objects such as ice-cream cans or bottle 
cases into a cold room. It is usually set up several feet above the 
floor level and placed in the wall of the cold room. It usually has an 

inner door as well as one on the outside, with several feet of shelf 
space between the two on which cans can be set so that the operator 
need go in and empty it only at considerable time intervals. The 
use of the two doors provides an air lock which prevents excessive loss 
of refrigeration when one of the doors is opened. A modification of 
this door is used as an air lock to prevent loss of refrigeration when 
conveyors are used to carry products into or out of cold rooms. In 

this case the doors are usually canvas curtains which are pushed aside 

by the cans as the conveyor carries them through, after which they 

resume their normal position, closing the opening to prevent leakage 
of air. 

Cold-Storage-Room Coils. Placing of coils in a cold-storage room 
is determined very much by the use to be made of the room and the 
temperature at which it is to operate. 

For ordinary temperatures of 20° to 40° F. a wall-type coil is 
often used or the coils may be placed near the ceiling. A very popular 
system nowadays is the “cold diffuser,” Fig. 88. This apparatus has a 
small motor-driven fan to circulate the air over a compact set of finned 
coils, which are flooded with ammonia. The floor-type cooler gives 
better air circulation than the wall-type unit. The system has the 
advantage of giving extra floor space, easy defrosting, and very quick 
cooling. Care must be observed to keep the apparatus well defrosted, 
as otherwise very little cooling will be obtained. 

For ice-cream hardening rooms and similar service, the principal 
types of piping are: (1) coils near the ceiling, Fig. 89; (2) shelf coils, 
Figs. 90 and 91; (3) the so-called bunker-type coil; (4) the blower- 
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type finned coil. unit. The flooded-type refrigeration system is used 
in nearly all plants. For rapid cooling of pans and packages, the shelf 
coil is very effective. The bunker-type coil has proved very efficient 
where properly used, and has the advantage that it is somewhat cleaned 
by the rubbing against it of the packages of ice cream. It is also 
claimed that there is less warming up of ice cream already in the room 
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Fig. 86. Typical Insulated Floor Sections. 
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from fresh cream than in other systems, because the coils act as cold 
curtains between a stack of fresh and hardened cream. The coils form 
the sides of the bunkers and thus give the effect of the cold screen 
between different sections of the room. 



Fig. 87. The Can-Passing Door. 


It is always poor economy to use coils which are too small, as it 
would mean that the coils must be colder and the refrigeration ma¬ 
chine would have to operate at a lower back pressure in order to 
maintain the proper temperature. Figure 92 shows the usual location 
of the coils in a popsicle tank, although external coils are sometimes 
used. Figure 93 shows a typical design for an ice-cream hardening 
tunnel. 

Management of Cold Rooms. Proper and efficient management of 
cold-storage rooms consists principally of preventing wide tempera¬ 
ture fluctuations, keeping coils properly defrosted, and preventing heat 
leakage into the rooms, either through holding doors open or too much 
traffic in and out of the room. Particularly in the ice-cream harden¬ 
ing room a uniform temperature is necessary for obtaining the best 
body and texture of the ice cream. Table LXXIX gives the proper 
temperature ordinarily used for various dairy products. 

Defrosting of Coils. It is quite essential to keep the refrigerating 
coils free of frost and free from oil. 

Defrosting of rooms which ‘are above 32° F. is usually automatic 
during the off period of the compressor; it is necessary to have drip 
pans below the coils to collect the moisture and lead it to a drain. 

The defrosting of coils in rooms colder than 32° F. is accomplished 
by one of three methods. The first is to shut off the refrigeration 
plant and open the doors. This method causes the temperature of 
the products in the room to rise and may cause serious loss. 
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Fig. 88 . The Blower-Type Cooling Unit, Sometimes Called a “Cold Diffuser. 
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Fig. 89. Typical Arrangement of Ceiling-Type Expansion Coils 
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Fig. 90. Typical Arrange 


Fig, 91, Shelf Coils with Headei 
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The second is to pump hot ammonia gas from the compressor dis¬ 
charge line into the coils for a short time. This causes the pressure 
in the coil to rise and the coil warms Quickly so that the frost will 
drop off readily if brushed or jarred. This method does not allow 

the products in the room to warm up badly. 

The third method is to chip the ice off by means of a hammer and 
dull chisel or by scraping with a bar or metal brush. This method 
causes no appreciable temperature rise of the products; however, it is 
a very laborious procedure. 

Blower-type cooling units have special defrosting means one of 
which is to flow water over the coils for a short time. This calls for 
proper feed and drain connections which will not freeze. 


S^Header 



Pump 

Circulation 


Fig. 92. Cooling Arrangement for a “Popsicle” Tank. 

The lower part of the tank is filled with expansion coils in direct contact with 
the brine. The brine pump or agitator then circulates the brine rapidly over the 
coils and around the 4 ‘Topside’’ molds. The header serves to distribute the flow of 
brine evenlv around the molds. 


The removal of oil from coils is necessary at times, particularly 
if the compressor “throws over” considerable oil. Many cases have 
come to attention in which the lower coils were so filled with oil that 
they were doing practically no cooling, resulting in an overload on 
the remaining coils and necessity for a low back pressure on the com¬ 
pressor. Every coil should be provided with an oil drain at its lowest 

point, and the coil should be warmed up and the oil drained as often 
as necessary. 

Proper stacking of products in a cold room is necessary for good 
heat transfer. Tracy and McCown have shown that refrigeration does 
not penetrate to the interior of closely packed ice-cream packages. 
The writer has personally seen plants where packaged ice cream stored 
close together in a room of —20° F. was still soft after 30 hours’ stor¬ 
age. This slow cooling ruined the body and texture of the ice cream 
and was entirely unnecessary. Stacking the packages so that air 
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could circulate around each package made a tremendous difference 
in the quality of the ice cream. 

Tracy and McCown have also shown that the use of a fan for 
circulating air in a hardening room greatly speeds up the hardening 


10 



Courtesy of the Creamery Package Mfg. Co. 

Fig. 93. Hardening Tunnel for Ice Cream. 

1, In-feed conveyor for introducing packages single file into tunnel; 2, mechanism to 
push row of packages onto freezer conveyor, snap action ; 3, freezer conveyor-wire mesh 
or slat 4 feet 6 inches to 12 feet wide; 4, out-feed conveyor; 5, fan motor; 6, fan; 
7, direct-expansion chilling coils; 8, coil deck; 9, tunnel walls; 10, tunnel ceiling; 
11, tunnel floor; pints harden in 50 to 60 minutes with air-blast temperature of —40° 
to —60° F. 


process and improves the quality of the ice cream. Figure 94 from 
their data shows the time to harden ice cream with the use of the 
fan. It will be noted that the use of forced draft saved approximately 
50 per cent in hardening time. 

They also found that the size of the package or can also affected 
the time of hardening as follows: 


Size of Package 


1 gal. can 


2 

3 

5 


ti 

ti 

it 


It 

it 

tt 


Time to Harden 
Center of Package 

5)4 hours 
9 H “ 

11 H “ 


Pint and quart packages required from 3 to 5 hours to reach 0° F. 
when hardened under forced air circulation in a —18° to —20° F. 


room. , 

A hardening room should be made large enough so that the prod¬ 
uct will not be crowded, since proper hardening is of utmost impor- 
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tance in obtaining high-quality ice cream. It is estimated that the 
hardening room should be capable of holding from 3 to 4 times the 
peak day’s production. The peak day production is usually figured 
at 1 per cent of the total year’s business. 



Fig. 94. Typical Hardening-Time Curve for Ice Cream. 


The use of conveyors for transferring products to and from cold- 
storage rooms is strongly recommended where the operation is of rea¬ 
sonable-size. They are particularly advantageous from the standpoint 
of saving labor. It is a real advantage to have a moving conveyor 
to carry freshly frozen ice cream directly into the hardening room 
before it becomes melted by prolonged exposure to the atmosphere. 
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Wheeled trucks are sometimes advantageous for transferring prod¬ 
ucts to and from the cold rooms; care must be taken, however, not 
to allow excessive loss of refrigeration due to doors’ standing open 
when trucks are moved in and out. 


QUESTIONS 

1 . What is an insulator? 

2. Name the essential characteristics of good insulators. 

3 . Name three good commercial insulating materials. 

4. How is the heat-transfer value of insulating materials rated? 

5 . What is the overall insulating value of a wall consisting of 8-in. brick, 

6 -in. corkboard, and ^in. plaster? 

6 . Describe a well-insulated wall section. 

7. Why is it important to seal an insulation material against moisture ab¬ 
sorption? 

8 . How is corkboard insulation fastened to the walls of a cold-storage room. 
8 n. What is the purpose of a “vapor seal” and how is it used on a cold-storage 

wall? , , 

9 . What thickness of cork insulation is recommended for a room where the 

temperature is to be 30° F.? 0° F.? — 20° F.? 

10. Sketch a “can-passing” door. 

11 . What is a “cold diffuser”? 

12. Describe the so-called bunker system of coils. 

13. Describe three methods of defrosting coils. 

14. What is the method of draining oil from refrigerating coils? 

15. What is the proper method of stacking ice cream in a hardening room? 

16. Find the quantity of refrigeration in tons neccessary to maintain a cold 
room at 0° F. with the atmospheric temperature 90° F. Insulation is 8-in. brick, 
8 -in. cork on all sides, the ceiling, and the floor, except that the floor has 6-in. 
of concrete in addition. The size of the room is 20 ft. by 30 ft. by 9 ft. 



CHAPTER X 


HEATERS—COOLERS, HEAT-EXCHANGE EQUIPMENT, 

AND MILK-STORAGE TANKS 


Since most of the processes of the dairy industry are concerned 
with changing or maintaining the temperature of dairy products, heat 
exchangers such as heaters or coolers are of major importance in any 
discussion of dairy equipment. 

The same fundamental principles mentioned in Chapter VI apply 
to practical problems of heating or cooling, and very frequently the 
same equipment is used for either process. There are certain practi¬ 
cal limitations due to the properties of dairy products which greatly 
affect the capacity and efficiency of heat-exchange equipment; for 
example, the degree of agitation must be kept within certain limits 
even though it is known that greater agitation would give greater 
heat transfer. Also it is necessary to have not too great a difference 
in the temperature of the product and the heating medium in order 
to prevent burning-on” of milk solids. In spite of this, however, 

modern dairy equipment is quite efficient. The general principles for 
efficient heat exchange are: 


1. Rapid movement of the film of fluids on both sides of the 
heat-transfer surface. 

2. Thorough and certain mixing of this film with the body of 
the fluids. 


3. Use of the counterflow principle. 

4. As great temperature difference as possible consistent with 

accurate temperature control and prevention of deleterious effect 
on the product treated. 


5. The use of as few intermediate cooling fluids as possible. 

. 6 - As thin a sheet of heat-transfer wall as possible consistent 
with proper mechanical strength. 

7. Use of metals of good heat conductivity. 


The general fundamental formula for heat transfer as applied to 
heat exchangers is 

H = k 0 A T (fj — k) 

where H = B.t.u. transmitted per hour. 
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ko = overall heat-transfer coefficient including the film coefficient 

in B.t.u. per hour per square foot per degree difference in 
temperature on the two sides of the heat-transfer wall. 

A = area of the heat-transfer surface in square feet. 

T = time in hours. 

<1 = high-temperature medium. 
t 2 = low-temperature medium. 


It should be noted in practice, however, that allowance must be made 
for losses due to deposits on the surfaces and other variables which 
are difficult or impossible to control.* 


Types of Heat Exchangers. The types of equipment encountered 
in the dairy industry are best described as surface type, double tube 
or tubular type, plate type, barrel type, coil type, drum type, and 
the flat-surface type as illustrated in the following equipment, in 

which it is noted that the heat transfer always takes place through a 
metal wall; there is also the type which heats by injecting live steam 
into the milk. 


The heating medium is usually either hot water or steam. For 
cooling, either cold water, brine, Prestone, or direct expansion of re¬ 
frigerants such as ammonia, Freon, or methyl chloride is used. 

The Surface Heat Exchanger. The surface cooler or heater, see 
Fig. 95, is very largely used for cooling as it gives rapid heat transfer 

and is relatively inexpensive. Some operators like it on account of 
the aeration it gives, which, they claim, improves the flavor of the 
milk. It is also criticized on account of the tendency for air to be 
incorporated in products passed over it. The heating or cooling 
medium is carried inside the tubes, and the product to be treated falls 
by gravity over the outside of the tubes. A trough at the top dis¬ 
tributes the product, and a receiving trough is provided below. This 
apparatus is made up in the so-called compact type, Fig. 96, which 

consists of a series of individual sections acting as a unit. The prin¬ 


cipal advantage of this design is its space-saving feature. 

In practice, coolers are usually made in sections, for the upper of 
which cold water is the cooling medium, the lower one being cooled 

by brine or direct expansion. 

This type of heat exchanger is flexible; however, the rate of flow 
must be within certain limits. If the flow is too slow, the surface will 
not be properly covered; if it is too fast, the milk will spatter off. 


* In equipment in which the temperature difference varies, the true mean 
temperature difference must be calculated in the manner shown in Chapter VI. 
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A loading of about 600 pounds per hour per foot length of cooler is 
considered the maximum which can safely be put over a cooler having 
1-inch tubes. 


Liquid 
Ammonia in 


Mix or Milk Inlet 


Water 

Section 


Direct 
Expansion 
Section 



Mix or Milk Outlet 


Compressor 
Suction 


Cold Water 
Outlet 


Cold Water 
Inlet 


Fig. 95. The Direct-Expansion-Type Surface Cooler. 

Surface-type coolers may be cooled by direct expansion as shown above or by 
pumping water or brine through the tubes. The milk passes from the upper dis¬ 
tributing trough down over the outside of the tubes in a very thin sheet and is 
collected in the trough at the bottom. Cooling is almost instantaneous. The princi¬ 
pal capacity-limiting factor of a cooler of this type is often the point at which the 
milk begins to splash off the tubes. 


The Double-Tube Heat Exchanger. The internal-tube or double¬ 
tube heat exchanger, Fig. 97, is very widely used for cooling and 

heating dairy products. In this apparatus the product passes through 
the inner tube and the cooling or heating medium circulates in the 
space between the inner and outer tube. This apparatus has the ad¬ 
vantages of being operated on a closed system, thereby preventing 
evaporation loss or absorption of air, and of making a more compact 

arrangement. Usually, a pump is required to force the product through 
a heat exchanger of this type. 


The capacity of the double-tube exchanger depends largely upon 
the velocity of the fluids involved, the viscosity of the products treated, 
the amount of heating surface, and the temperature difference. Usu- 
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ally 12 to 15 square feet of surface is allowed per 1,000 pounds per 
hour capacity. 



Courtesy of the Mojonnier Bros . Co, 
Fig. 96. The Compact-Type Surface Cooler. 


The plate heat exchanger, as illustrated in Figs. 98 and 99, has the 
advantage of extreme compactness, and some types are easily cleaned. 
The plates are usually made of thin stainless-steel stampings. "Very 
high heat-transfer rates are obtained if the flow pattern is proper and 
if the surface is clean. Overall values of k frequently run from 300 
to 400. On account of the ease of providing ample surface, as a 
cooler, this apparatus ordinarily uses sweet water for cooling. The 
cold water can be economically supplied by means of a compact direct 
expansion cooler unit, as shown in Fig. 76. For heating, a hot water 
circulating unit, see Fig. 153, is very effective. 
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The Barrel-Type Heat Exchanger. The barrel-type heat ex¬ 
changer, see Fig. 100, is a compact and inexpensive type of heater fre¬ 
quently used in the industry. The milk passes through tubes which 
are surrounded by steam. Some heaters of this type are made with 
an expansion head to ease the strain on the headers. Such a heater 
must be well trapped so that condensate is removed as fast as it is 



Courtesy of the Chester Dairy Supply Co. 


Fig. 97. The Double-Tube-'f'ype Heat Exchanger. 

formed. This type of heater is usually rated at about 1,000 pounds 
of milk per hour for each 8 square feet of heating surface. 

The Drum-Type Heat Exchanger. The drum-type heat exchanger 
is illustrated in the sour-cream high-temperature pasteurizers, Fig. 
101, and in ice-cream freezers. In the cream pasteurizer, the drum is 
steam jacketed and the cream is carried around the periphery of the 
inside of the heater at high speed by means of an agitator blade. 
This apparatus is good for heating viscous materials to high tempera¬ 
ture as the scraper prevents milk solids from burning on. The ice¬ 
cream freezer is discussed in Chapter XI. 

The Coil-Type Heat Exchanger. The coil-type heat exchanger 
illustrated in Fig. 102 has been very popular for many years, and gives 
rapid heating or cooling. It works well with either light or viscous 
products. Its disadvantages are the difficulty of cleaning and the 
limitations on the amount of surface which can be gotten into a vat. 
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In the horizontal-coil vat, the coil can be used as a pump to circulate 
the heating or cooling medium through itself, from a reservoir, often 

f 

attached to the back of the pasteurizer. The hot water circulating 
units are also used with coil vats. 



Courtesy of the Cherry Burrell Corp . 

Fig, 98. Exterior View of a Plate-Type Heat Exchanger. 


The Flat-Surface-Type Heater. The flat-surface-type heat ex¬ 
changer, Fig. 103, makes use of the walls of the tank for the heating 
surface, or of a hollow plate suspended in the vat. Both forms are 
inherently adapted to self-contained heating and cooling systems. 
Their great advantages are simplicity, low first cost, and sanitation. 
The limitation is that the amount of surface available is determined 
by the size of the tank or vat. The jacketed tank, Fig. 104, is a modi¬ 
fication of this principle. 
















































235 


HEATERS, COOLERS, MILIv-STORAGE TANKS 

The “Cold-Wall” Type of Milk Tank. The demand for a simple, 
easily cleaned, and efficient type cooling tank has led to the develop¬ 
ment and use of the so-called “cold-wall” type milk tank. See Fig. 105 
in which a portion of the jacket is*a refrigerated wall section. This 
section may be cooled by means of direct-expansion ammonia, Freon, 
or other refrigerant. Numerous individual designs have been brought 
out; but basically they are made with a double-walled, reinforced, 
direct-expansion section, with stainless steel on the inside next to tlie 
milk, mild steel on the outside, and of all welded construction and with 



Courtesy of The Creamery Package Mfg . Company . 


I J ic. 99. Plato Hoat Exchanger with Press Opened, Showing Gaskets, 

Milk and Water Flow Ports. 

Corrugations are used to produce a turbulent flow, which results in high heat- 

transfer efficiency and the minimum of milk-stone deposit. Milk flows on one side 

of the plates and water or brine on the other. Additional heat-transfer surflice is 

easily added to a heat exchanger of this type as desired, provided that the Dress is 
obtained with sufficient extra length in the beginning. 
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reinforcing ribs, ties, or other means of providing the necessary strength 
for the direct-expansion section. 

These tanks give fairly rapid heat transfer and provide quick cool¬ 
ing for even small amounts of a product, since the bottom section of 
the tank is the cooling portion. 



Courtesy of The Creamery 
Package Mfg . Company . 

Fig. 100. The Barrel-Type Heat Exchanger. 

Full agitation of the product is necessary for rapid movement over 
the cooling surface; thus preventing “freezing on” and increasing the 

rate of heat transfer. 

Tanks of this type must be fitted with the usual safety controls 
such as refrigerant-pressure relief valve and pressure regulator for 
controlling the temperature. See subject of Milk Storage Tanks for 

further information in this chapter. 

Heating by Direct Steam Injection. Heating by direct steam in¬ 
jection is more or less frowned upon by most health authorities on 
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Courtesy oj the Cherry Burrell Corp. 

Fig, 101. The Drum-Type Heat Exchanger, 


account of possible contamination from boiler compounds, etc. How¬ 
ever, it is used in a number of processes and is efficient. The steam 
must be broken up with a number of small jets as shown in Fig. 106 
in order to give smooth action and prevent injury to milk products. 

A good scale trap and strainer should always be placed ahead of such 
a nozzle. 

Heating by direct injection always adds water to the product be¬ 
cause of condensation of the steam, and this fact must be considered 
in any calculation. This method of heating is most often used for 
adding the last few degrees when milk is to be heated to a tempera¬ 
ture near boiling. It is 100 per cent efficient, and there is no danger 
of trouble from deposits forming on heating surfaces. 
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Court cay of the Creamery Package Mfg. Co, 

Fig, 102. The Rotary Seal for Rotating Coil-Type Heat Exchanger. 



Fig. 103. A Flat-Surface-Type Heat Exchanger. 

Plate cooling units are widely used as above in cold hold tanks, where only a 
limited amount of heat transfer is needed. 


Management and Care of Heat Exchangers. Management and 
care of heaters and coolers consists principally of keeping the surfaces 
clean, maintaining the proper temperature, and using the right amount 
of medium. Low velocity of either the heating or cooling medium 

causes poor heat transfer. Heavy viscous products do not heat or 
cool as rapidly as more fluid ones. Heaters using live steam must he 

supplied with the proper steam pressure, and the condensate must be 

properly removed by means of a trap. Burning-on of heaters is caused 
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by high-acid milk, low velocity of milk, too high a temperature of the 
heating medium, too great a temperature difference between the prod¬ 
uct and the heating medium, and uncleanliness of surface of metal. 

If the heating is done by means of hot water, the water may be 
supplied from a large hot-water heater and storage tank such as is il¬ 
lustrated in Fig. 56, or it may be supplied by a steam and water mix¬ 
ing valve, of which there are many kinds. The simplest is a Mc¬ 
Daniel tee; more elaborate apparatus may have special jets and 
air-operated diaphragm valves to give automatic control. A very sat¬ 
isfactory type of heater is the heating and circulating unit shown in 



Courtesy 0 / the Mojonnier Bros. Co. 

Fig. 104. A Jacketed Vat Which Has Smooth Plate Heat-Transfer Surfaces, in 

Contact with the Product. 


Note the sloping covers and ball feet used on this vat. 





water and 


gives a good velocity of water at all times through the steam and 
water mixing valve regardless of the heat load on the unit. It is im¬ 
portant even with this type of unit, however, that the steam pressure 
easonably unifoim and that there always be sufficient steam pres¬ 
sure applied to carry the full load. Many instances of failure prop- 

y contro1 temperatures of pasteurizers have been caused by lack 
O' su cient steam due to some sudden demand for steam in the plant, 

' UC 1 owcrccI the steam pressure to the point where the heater could 
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Courtesy of the Creamery Package Mfg. Co. 


a. Cylindrical Storage Tank. 



Courtesy- of the Creamery Package Mfg. Co. 
b . Farm Cooling Tank for Bulk Handling of Milk. 

Fig. 105. Cold-Wall Milk Tanks. 
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not maintain the temperature. It has been found desirable to use an 
air-operated pressure regulator on the steam supply line to pasteurizer 
heaters where close regulation is required. The steam pressure is 
usually regulated to feed the heater at a pressure about 15 or 20 
pounds lower than the normal boiler pressure in order to provide a 
factor of safety. With a finely balanced system of this kind and the 


Steam 

I 









Slots which act 
as steam jets 



Fio. 106. Principle of the Direct Steam Injection Heating Nozzle. 

proper temperature controls, it is possible to control the milk tem¬ 
perature within 0.25° F. of a given point. 

Most of the heaters which are of high accuracy use a great deal 
of heating surface and hold the heating water only one or two de¬ 
grees hotter than the milk. The milk-to-water ratio which is being 
used must also be accurately balanced in order to obtain close tem¬ 
perature control. Even the volume of water in the heating system 
affects the response of the temperature controls to temperature changes. 
In general, a high water-to-milk circulation ratio combined with low 
temperature differential between the milk and water gives the best 

efficiency and is least likely to cause defects in flavor or burning-on 
of milk solids. S 

When using the hand-operated steam jet heaters and circulators, it 
is important to have a jet of the size adapted to the steam pressure 
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available, as otherwise the circulation may be very poor. It is de¬ 
sirable to close the steam valve as the vat temperature rises; otherwise 
the proportion of steam is too great for the temperature of the water, 
and live steam may blow through. 

The hot-water circuits of a heater of the double-tube type should 
be balanced, and except in very small heaters, which have only a single 
series circuit, it is desirable to have flow-regulating cocks to control 
the flow of the heating water to the various circuits of parallel flow, as 
is common practice in connection with brine and water cooling circuits. 

In considering the management of coolers, the particular type of 
cooling medium used will determine the practice. Water is ordinarily 
used for cooling the milk from pasteurizing temperature down to 60° 
to 75° F., depending upon the type of cooler, the temperature of the 
cooling water, and the relative cost of water and refrigeration. It is 
usually more economical to cool the milk with water as far as possible, 
or to within 5° of the water temperature, since the same amount of 
water used to cool the condenser of a refrigeration machine as was used 
to cool the product would accomplish at least 25 per cent less cooling 
than if used directly on the product. In addition there would be the 
cost of power for driving the refrigeration machine. 

The ratio of the quantity of cooling water circulated to the quan¬ 
tity of milk varies with the type of cooler and the amount of surface 
available. In double-tube and surface-type coolers, the velocity of 
water in the tubes is usually between 3 and 6 feet per second and 

the volume of water is from 3 to 6 times the volume of the milk 
cooled. For plate coolers, a water-to-milk ratio of 3 to 1 is common. 

In hooking up a cooler, the various headers should be arranged to 
give the proper water velocities through the cooler tubes without 
building up excessive water-pressure requirements. Parallel flow and 
series parallel circuits are often desirable instead of a single series 
circuit. In general, a higher water-to-milk ratio will result in a lower 
milk temperature, with a given water temperature. Tests by Perry 
of the University of California indicate that an overall heat-transfer 
coefficient of 250 B.t.u. per hour, per square foot, per degree difference 
in temperature, can be expected from a well-designed surface-type 
milk cooler. 

Brine for cooling is usually supplied at a temperature of about 
25° F. If the brine is much colder than this, difficulty may be ex¬ 
perienced from freezing on of milk; also regulation of the tempera¬ 
ture of the milk is more difficult. Some systems are so controlled 
that, in case of a milk flow stoppage, a brine of 33° to 34° F. is auto¬ 
matically diverted to the cooler and thereby prevents a freeze up, 
even though the milk is being cooled to a temperature around 34° F. 
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A brine to milk ratio of 4 or 6 to 1 is frequently used on double-tube 
and surface-type coolers. Certain plate-type equipment may use a 
lower ratio on account of its greater heat-transfer efficiency. 

With sweet-water cooling systems such as shown in Fig. 76 the 
temperature of the cooling medium is naturally limited to about 33° 
F., which have the advantages of minimizing corrosion and prevent¬ 
ing the possibility of freezing up of the cooler. This type of system 

requires about 50 per cent more surface than when direct expansion 
or brine is used. 

The direct-expansion-type cooler system is ordinarily applicable 

with the surface or double-tube-type coolers; however, certain spe¬ 
cial types of cooling plates as shown in Fig. 103 are widely used for 

cold hold tanks where only a small amount of refrigeration is re¬ 
quired. This is the most efficient type of refrigeration system where 
artificial cooling is required. It does, however, require that the re¬ 
frigeration system and compressor be large enough to supply the re¬ 
frigeration as fast as the cooler load needs it, since there is no op¬ 
portunity for storing refrigeration as in the brine system. One ad¬ 
vantage is that it operates at high back pressure and thereby enables 
the compressor to deliver greater capacity and at higher efficiency, 
provided that the apparatus is on a special circuit. Many plants 
provide a separate circuit for use with direct-expansion coolers and 
other high-temperature refrigeration, as it is obviously uneconomical 

to operate a direct-expansion cooler at 45 pounds back pressure on a 

general plant system which is being held at 2 to 5 pounds back pres¬ 
sure. 


The average direct-expansion cooler is operated on the full flooded 
system with float valve control of the liquid ammonia, and is fitted 
with an accurate and sensitive back-pressure regulating valve. The 
ammonia temperature is controlled by regulating the ammonia pres¬ 
sure. Reference to the ammonia table shows that for every pressure 
there is a corresponding temperature. For example, if the tempera¬ 
ture of the ammonia in the cooler must be 33° F., then the back¬ 
pressure regulating valve must be set to maintain a pressure of 49 
pounds on the ammonia in the cooler. Pressures much lower than 40 
pounds are likely to cause freezing on, and if there is much danger 
of the milk flow being interrupted, the pressure should be several 
pounds higher. Special temperature-control equipment can be added 
to direct-expansion coolers to minimize the danger of freeze-ups and 
at the same time allow the use of lower ammonia temperatures. 


Direct-expansion coolers must be fitted with good-sized ammonia 
quid and gas passages in order to prevent gas binding which will 
cause inefficient and erratic operation. The accumulate? should or 
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dinarily be located several feet above the top of the cooler in order 
to supply a hydraulic head for proper circulation of the ammonia in 
the cooler. The header pipes should always have a slight slope so 
that any gas in them will naturally be forced upward and into the 
accumulator. An oil drain is needed on the bottom of the cooler so 
that oil from the ammonia can be drained occasionally. Excessive oil 
in the cooler will also cause poor efficiency and erratic operation. 

The Regenerator. Many dairies make use of the principle of re¬ 
generative heating and cooling for purposes of economy. The re¬ 
generator may be of a number of types, but, in principle, it is a heat- 
exchange apparatus which, for heating and cooling milk, brings the 
incoming cold raw product into thermal contact with the outgoing 
hot one, in a continuous flow system, so that the incoming milk is 
heated partially by the outgoing hot milk, and the outgoing hot milk 
is partially cooled by the incoming cold milk. 

The regenerator accomplishes remarkable savings in both refrig¬ 
eration and steam, if properly applied in a continuous flow system. 
It finds its greatest application in the high-temperature short-time 
pasteurizing systems, on account of the quick reaction made possible 
by the small amount of milk in the apparatus. 

The modern regenerator may be from 70 to 80 per cent efficient, 
and it is not uncommon for a regenerator to cool from 142° to 62° F. 
in an operation using a pasteurizing temperature of 142° F. and with 
the raw milk entering at 40° F. 

Two principal types of regeneration equipment are used. The first 
is the so-called milk-to-milk regenerator, in which the hot milk is on 
one side of the heat-transfer surface and the cold milk on the other. 
The other system uses an intermediate heat-transfer fluid, usually 
water, so that the heat is transferred first to water, then from the 
water to the other milk. 

Regeneration is usually not economical unless the operation is for 
a period of several hours, except in short-time pasteurizing or other 
process in which the regeneration can begin as soon as the operation 
starts. 

Regenerators have been studied by many authorities, and efficient 
and safe hook-ups have been developed. Reference to the require¬ 
ments of the U.S.P.H.S. will give valuable information on the subject. 
The economies of regenerative heating and cooling are demonstrated 
in the following problem. 

Problem. Find the saving per day by the use of regeneration on a pas¬ 
teurizer of 10,000 lb. hourly capacity, operating 5 hours per day, heating 
raw milk from 40° to 120°, and cooling pasteurized milk from 142° to 62° F. 
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Refrigerating cost, $0,086 per ton-hour; cooling water cost $0,012 per 1,000 
lb.; steam cost $0.60 per 1,000 lb. 

(a) Saving in heating load. 

Load = 10,000 lb. per hr. for 5 hr. from 40° to 120° F. 

B.t.u. = 10,000 x 5 x 0.93 x 80 = 3,720,000 B.t.u. 

Figure that 1 lb. of steam — 1,000 B.t.u. Then 

10,000 X 5 X 0.93 X 80 

Saving —-X $0.60 — $2.22 

1,000 X 1,000 

( h ) Saving in cooling by water. 

Assume that water temperature = 70° F. Milk would be cooled from 142° 
to 77° F. by water, using a 2-to-l water-to-milk ratio. Then 

Water used = 10,000 x 5 x 2 = 100,000 lb. water in 5 hr. 

10,000 X 5 X2 

Then Cost of water saved --X $0,012 = $0.20 

i,000 

(c) Saving in refrigeration. 

Assume that the milk is cooled from 77° to 62° F. by regeneration, which 
would otherwise need to be done by direct refrigeration. Then 

Refrigerating load saved = 10,000 x 0.93 x 5 x 15 = 697,500 

Assuming refrigeration at 12,000 B.t.u. per ton-hour at $0,086, the cost will be 


10,000 X 0.93 X 5 X 15 

12,000 


X $0,086 = $4.96 


Milk-Storage Tanks. Many milk and ice-cream plants have use for 

tanks for storing large volumes of milk or milk products. These tanks 

may be of the square or rectangular type which are often used in the 

small sizes, or they may be of the vertical cylindrical type or the 
horizontal cylindrical type. 

They may be obtained in sizes from a few hundred gallons up to 
several thousand gallons capacity. Most of the modern tanks are built 
with liners of 18-8 stainless steel and with seamless welded construc¬ 
tion ; however, there are a good many glass-lined tanks in use. 

Vertical tanks require less floor space and drain out cleaner than 
horizontal-type tanks; however,, they are more difficult to wash on 
account of their height. It is also usually more difficult to obtain 
access to the outlet when placed in the center of the bottom of the tank. 

The horizontal cylindrical tank is perhaps the most frequently used 
on account of its ease of cleaning and of access to inlets and outlets 
Mdk-storage tanks are usually insulated with 2 inches of cork board 
although they are sometimes made with 3 inches of insulation where 
products such as ice-cream mix are to be held for extended periods at 
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low temperatures. Most of the milk-storage tanks are supported on 
ball-shaped legs. These legs are usually attached to the exterior cover¬ 
ing of the tank rather than to the tank proper in order to relieve strains 
on the stainless-steel liner, and also to prevent heat runoff from the 
milk tank proper. 

Modern milk-storage tanks are designed to withstand a certain 
amount of pressure or vacuum and can be equipped to be filled by 
vacuum or emptied by pressure. In each instance it is important that 
the fittings be of a sanitary type of construction to prevent contami¬ 
nation. Tanks of this type should have a safety device which will 
prevent either excessive pressure or excessive vacuum in the tank, 

Among the fittings which are normally required for standard tanks 
it is important that an air vent be provided which will not only be 
sanitary but will also be of sufficient size to prevent building up exces¬ 
sive pressure or vacuum due to normal filling of the tank even though 
it is not filled by vacuum or emptied by pressure. 

It is important that proper thermometer connections be provided 
in accordance with the 3A standards. 

The manhole should be supplied with a cover which opens inward 
in order to minimize any danger of leaks. The manhole-door gaskets 
should be easily removable for cleaning. 

Standard outlet valves of either the plug or poppet type may be 
used. An important part of the milk-storage tank is the agitator. 
Most of the milk-storage tanks of the horizontal cylindrical type use 
a side agitator set fairly low in the tank. This agitator should be fitted 
with a rotary seal of sanitary-type construction. 

Another important part of the milk-storage tank is the observation 
glass. This fitting is usually set near the top of the tank, and the glass, 
of about 6-inch diameter, should be equipped with an electric light. 
This fitting should be made so that it can be disassembled readily for 
cleaning. 

Special milk-storage tanks with cold refrigerated-wall-type con¬ 
struction may be obtained for cooling as well as storage purposes; see 
the section on cold-wall tanks in this chapter. 


QUESTIONS 

1. What are the general principles which favor efficient heat transfer? 

2. What is meant by the counterflow principle? 

3. What are the advantages of each of the following types of heat-exchange 
equipment? 
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a . Surface type. 

b . Double-tube type. 

c. Plate type. 

d . Barrel type. 

e. Coil type. 

/. Drum type. 

4. Describe each of the above types. 

5. What is the disadvantage of heating by direct injection of steam into 
milk? 

6. What steps are necessary in the proper management of heaters? 

7. Describe the principle of regeneration. What are its advantages? Lim¬ 
itations? 

8. What is the effect of agitation on the efficiency of heating and cooling? 

9. Sketch a sweet-water cooling set-up. 

10. Find the number of square feet of surface required in a plate cooler for 
cooling 20,000 lb. of milk per hour from 70° F. to 35° F., using sweet water hav¬ 
ing an entering temperature of 32° F. and an outlet temperature of 36° F. The 
k value of the cooler is 300 B.t.u. 


CHAPTER XI 


ICE-CREAM FREEZING EQUIPMENT 

Freezers of the commercial type may be classified as batch or 
continuous, depending upon whether the ice cream is made in batches 
or is ejected in a continuous stream. They may also be classified 
according to method of refrigeration, as brine type or direct-expan¬ 
sion type. The former uses a brine jacket for refrigeration; the latter 
has a cooling jacket in which liquid refrigerant such as ammonia is 
evaporated directly. 

The function of the freezer is threefold. First, it must cool the 
mix to the proper temperature for handling in packages, containers, 
and the like, and to a low enough temperature so that the ice cream 
when hardened properly will be of smooth consistency with small, 
uniform ice crystals. 

Second, it must incorporate a predetermined amount of air uni¬ 
formly into this ice cream in such a manner that it gives the ice cream 
the proper swell or overrun. 

Also, a third function is usually performed in the mixing and 
incorporating of fruits and flavoring into the ice cream while it is 
being frozen. 

Characteristics of the Ice-Cream Mix. In considering the opera¬ 
tion of an ice-cream freezer, it is necessary first to understand the 
characteristics of an ice-cream mix. It should also be realized that 
even mixes having similar general properties may act very differently 
in a freezer, depending upon how they have been processed and what 
their ingredients are. 

First, mixes have the property of congealing into a stiff plastic 
mass as the temperature drops and more of the water is frozen. The 
freezing point, or rather the temperature at which they begin to 
freeze, depends upon the composition; the percentage of water frozen 
and the refrigeration absorbed at a given temperature also vary with 
the composition. Leighton has published a formula which enables 
one to calculate very closely the percentage of water frozen as ice at 
any given temperature, provided that the composition of the mix is 
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known. This formula gives results which agree very closely with 
those obtained in actual tests. Figure 107 shows a number of freezing 
curves for different mixes. Note that the percentage of water frozen 
as ice in the freezer for usual freezing conditions varies from approxi¬ 
mately 30 to 60 per cent, depending on the drawing temperature and 
the composition of the mix. 

Calculation of the Freezing Point of Mixes. The freezing point 
of an ice-cream mix is lowered by the milk sugar, by salts, and by 
the sucrose (cane sugar) or other substances which are in true solu¬ 
tion. The fat has no direct effect upon the freezing point; if, how¬ 
ever, the fat and the milk protein or other solid content of the mix 
are increased, there is less water to hold the soluble salts and sugar, 
and the freezing point will also be depressed. 

On the basis of the above principles and Leighton’s * method, the 
freezing point of a given mix .is figured as follows: 

(а) Assume that 54.5 per cent of the serum solids of the mix is lactose. 

(б) Assume that mixtures of sucrose and lactose follow the freezing- 
point curve for sucrose. (Note: glucose [corn sugar] depresses the freezing 
point 1.9 times as much as sucrose.) 

(c) Referring to Table XLIV, find the lowering of the freezing point due 
to the sugars. 

(1) Percentage serum solids X 0.545 + Percentage sucrose = Parts sug¬ 
ars. 

(2) Find concentration in percentage of sugars in unfrozen water. 
_ Parts suga rs X 100 

Parts sugars + Parts unfrozen water in mix Percentage sugars in unfrozen 

water. 

(3) Refer answer to (2) to Table XLIV in order to find freezing-point 

lowering due to sugars. (Subtract value obtained for table from 32° F. 

to get lowering.) 

(d) Find lowering of freezing point due to milk salts by: 

Percentage serum solids X 4.26 _ 

Percentage water in mix owe ring due to milk salts, ° F. 

(e) Total freezing-point depression = Lowering due to sugars + Lowering 

due to milk salts. 8 

Freezing point = 32° F. — Total freezing-point depression (°F.). 

In the freezing of an ice-cream mix, the freezing point becomes 
progressively lower since the ice crystallizes out and the remaining 
solution, therefore, becomes more concentrated. This process con- 

* Leighton, Journal of Dairy Science, Vol. 10, page 30, 1927. 
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Fig. 107. Typical Freezing Curves for Ice-Cream Mixes and Water Ice, Showing 

the Percentage of Water Frozen at Different Temperatures. 

tinues until the freezing point of the remaining solution becomes very 
low, in fact, with most ice-cream mixes, there is some unfrozen solu¬ 
tion even at 0° F. 

The actual calculation of the temperature at which 50 per cent of 
the water in the mix is frozen is performed as follows: 

Problem. Find the temperature at which 50 per cent of water is frozen 
as ice in a mix of the composition 12 per cent fat, 11 per cent S.S., 16 per 
cent sugar (sucrose) 0.3 per cent gelatin. 

Solution: Percentage of total water frozen is 50 per cent. 

Water in mix = 100 — 39.3 = 60.7 per cent. 

If 50 per cent of water is frozen, that remaining in solution = 60.7/2 
= 30.35 parts. 
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(c) 
18.G8 
39.G8 
solids. 


Ice-cream 
per cent 
per cent 


mix : 
fat; 
total 



Adapted from W . C. Colej J.A.R., Vol. 56, No. 2. 1/15/38. 


( d ) Ice-cream mix: 
4.55 per cent fat; 32.55 
per cent total solids. 


Fig. 107. Continued . Typical Freezing Curves for Ice-Cream Mixes and Water 
Ice, Showing the Percentage of Water Frozen at Different Temperatures. 


(1) Freezing-point lowering due to sugars: 

Parts of sugar (sucrose) = 16.00 
Sucrose equivalent of 

lactose = 11 X 0.545 = 5.99 

Total sugars (as sucrose) = 21.99 parts of total mix. 

21.99 X 100 2199 

21.99 + 30.35 = 52^34 = 42-0 = P ercent * ge of su f ar . s as s ^rose 

m unfrozen solution. 

Referring to Table XLIV, the freezing point of a 42 per cent solution is 

q 2 oV«‘ or ^ e ^ ow 32° r. Therefore the lowering due to the sugars is 

9.0 F. 
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(2) Lowering due to milk salts: 


11 (percentage S.S.) X 4.26 46.86 , „ ia _ 

-- -—— — — ■ . i. — 1,54° F 

30.35 (percentage of unfrozen water in mix) 30.35 
Total lowering = 9.3 + 1.54 = 10.84° F. 

Therefore, temperature of the ice cream when 50 per cent of water is 
frozen = 32° - 10.84 = 21.16° F. 


TABLE XLIV * 

Freezing Point of Sugar Solutions 


Per Cent 
Sucrose 

Freezing 

Point, °F. 

0 

32 

5 

31.25 

10 

30.5 

15 

29.9 

20 

29.3 

25 

28.25 

30 

27.2 

35 

25.55 

40 

: 24.1 

45 

; 21.75 

50 

1 19.4 

55 

15.0 

60 

10.6 

65 

7.1 

70 

-3.6 


* Adapted from J. Agr. Research, Vol. 56, No. 2, Jan. 15, 1938. 


Calculation of Refrigeration Requirements of Mixes. The actual 
B.t.u. of heat extracted in freezing ice cream is also dependent upon 


the composition of the mix and the temperature to which it is frozen. 
Figure 108 shows the heat temperature curve for the above mix. The 
extraction of heat takes place in three different steps. First, is the 
extraction of the sensible heat of the liquid; second, the extraction of 
the latent heat of the water frozen; and third, extraction of the 
sensible heat of the semi-frozen slush. The exact calculation of the 
amount of heat extracted is very involved, but a reasonably close 


value can be obtained as illustrated in the following problem. 
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Problem. Find the B.t.u. of heat extracted from 1 ib. of mix of the 
composition 12 per cent fat, 11 per cent S.S., 16 per cent sugar, if the mix 
is at 40° F. and is frozen to a temperature of 22° F. 

Solution: H (total heat) = (Sensible heat of liquid) + (Latent heat of 

fusion of the water frozen as ice) + (Sensi¬ 
ble heat of the semi-frozen mixture below 
the initial freezing point of the mix) 

It is assumed that the specific heat of the mix is 0.80; the specific heat 
of the semi-frozen ice cream, 0.65; and the latent heat of fusion of water, 
144 B.t.u. 

From Fig. 107 A it will be seen that: (1) 48 per cent of the water is frozen 
as ice at 22° F.; (2) the mix begins to freeze at 27.3° F. Then: 


Temperature of mix = 40.0 

Freezing point of mix =27.3 

Percentage of water in mix =60.7 

Percentage of water frozen at 22° F. = 48.0 

Sensible heat of mix = (40 — 27.3) (0.80) = 10.16 

Latent heat of fusion = 144 (0.48 X 0.607 = 42.00 

Sensible heat of slush = (27.3 — 22) (0.65) = 3.44 


Total B.t.u. absorbed per pound of ice cream = 55.60 

Note: In actual freezing of ice cream in a freezer, an additional amount of 
refrigeration must be added to overcome the heat of friction due to the dasher 
and other losses. 



30 35 40 45 50 55 60 65 

B.t.u. per Lb. Extracted in Freezer 


Fig. 108. Heat Temperature Curve for Ice-Cream Mix. 

Composition : 12 per cent fat; 39.3 per cent total solids. This shows the amount 
of heat extracted in the freezer from each pound of mix, assuming that the mix 
enters the freezer at 40° F. The figures do not include refrigeration losses due to 
friction In the freezer, radiation losses, or friction due to agitation of the mix 




























254 


DAIRY ENGINEERING 


The temperature of the ice cream greatly affects the plasticity of 
the mass. This has an important bearing on the freezing process, for 
if the ice cream becomes too stiff as the temperature drops the power 
of the motor is no longer sufficient; it also affects the unloading of 
the ice cream from a batch freezer, as well as the air incorporation. 

Absorption of Air. The second important property of mix as it 
affects the freezing is that it will absorb air. Again, the amount and 
rate of air absorption are dependent to a large extent upon the mix; 
one made from fresh dairy products, 
of proper proportions of ingredi¬ 
ents, and well homogenized and 
processed, has maximum air ab¬ 
sorption. Mixes made of butter 
and skim milk powder must usually 
have some egg added in order to 
give satisfactory air absorption. 

The use of frozen cream if it is 
not properly processed often causes 
pqor air absorption. 

It has been found that the ab¬ 
sorption of air is greatly dependent 
upon the temperature of the mix; 
for example, the usual mix does not 
begin to hold much air, when 
whipped in a batch freezer, until it 
reaches the freezing point pf around 
26° F. From this point down to 
24° F. the rate and amount of air absorbed are very great; below this 

temperature, as the ice cream becomes very stiff, the absorption be¬ 
comes slower, and finally, on most mixes, the air will actually leave 
the mix, i.e., the overrun will become lower at temperatures below 
23° F. A mix must be very well made and of good materials in order 
to obtain 100 per cent overrun at 22° F. without some special treat¬ 
ment. There are several patents on controlling the overrun of ice 

cream by means of the temperature. 

The effect of freezing ice cream under superatmospheric pressure 
is greatly to increase its air-absorbing powers; the author has observed 
mixes which would not develop proper overrun unless frozen on a 
continuous freezer under pressure. In fact, the only practical method 
of obtaining high overrun with low-temperature ice cream is to freeze 
it under pressure. This follows general physical laws dealing with the 
absorption of gases by fluids under pressure. 



Fig. 109. Air Cells in Ice-Cream, 
Magnified Approximately a Thousand 

Times. 
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Figure 109 shows a typical photomicrograph of air cells in ice cream. 

The proper incorporation of air is essential, for, unless the air is 
finely divided, the cream is likely to shrink if subjected to heat shock 
and poor handling. Also proper air incorporation produces a better 
body and texture. 

Resistance to Body Breakdown. The third important characteris¬ 
tic of mixes is their stability as regards holding of bound water, or 

resistance to body breakdown. This defect is evident in the soupy, 
wet appearance of the ice cream as it .comes from the freezer, even 
though it is cooled to the proper temperature. Usually the ice cream, 
if hardened properly, is passable, but it is messy to handle, particu¬ 
larly in packaging from a continuous freezer. The cream lacks rigid¬ 
ity and does not bind the moisture properly. 

It has been observed that this defect is usually caused by one of 
the following: 

1. Use of improperly processed frozen cream or butter. 

2. Overneutralization of dairy products; 0.2 acid is correct. 

3. Holding mix too long at temperature of 160° F. or above. 

4. Improper homogenization. 

5. Unstable condition of serum solids used in the ice-cream 

mix. 

Ice-Cream Freezer. The simplest type of freezer, and the one 
originally used commercially, was the tub freezer. It had a vertical 
mix can surrounded by a tub which held an ice-and-salt freezing mix¬ 
ture. This freezer was similar in all respects to the common hand 
freezer. The cold brine surrounding the can holding the mix extracted 
heat from the mix, thus bringing about a congelation of the mix; at 
the same time, during agitation of the mix by the dasher, air was 
absorbed, causing a swell or overrun in the ice cream. 

The next development was a horizontal batch freezer in which the 
barrel or cylinder was stationary and jacketed for passage of a re¬ 
frigerating brine of low temperature. 

The disk-type continuous freezer was brought out in the years 

1905-1907, and this was followed by the direct-expansion batch freezer 

in 1920, which in turn has been followed by improved-type continuous 

freezers, the general principles of which had been utilized commerciallv 
since 1910. 

The Batch Freezer. The modern batch freezer consists of a re¬ 
frigerator drum or cylinder, usually of about 40- to 100-quart capacity, 
mounted on a base with direct motor drive, which turns a dasher having 
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scrapers for removing the frozen cream from the refrigerated surface 
and a beater for whipping air into the ice cream. It is also fitted with 
a mix tank and hopper for adding fruits and flavors. 

The standard principle of operation is to freeze the batch of mix 
to a stiff consistency, then turn off the refrigeration and whip air into 
the ice cream until the desired overrun or swell is obtained. Note; 
Overrun is figured as 


Gallons of ice cream — Gallons of mix 

Gallons of mix 


Per cent overrun 


A 40-quart freezer is usually loaded with 20 quarts of mix, which, 
when frozen and whipped to 100 per cent overrun, makes 40 quarts of 
ice cream. 

Certain accessories are frequently used with batch freezers. The 

batch-measuring device measures the charge of mix. The Draw-rite 

indicates the stiffness of the ice cream by means of the load on the 
motor. Figure 110 shows a weighing-type overrun indicator. 

Freezing Cylinder. The freezing cylinder of the modem batch 
freezer is made of a liner, usually of nickel silver or stainless steel, 
pressed inside a steel or copper tube which forms the inside wall of 
the cooling jacket. This jacket, if the machine is for brine cooling, is 
constructed of copper with narrow passageways, to make the brine 
travel a long distance around the cylinder so that it will have a high 
velocity and provide good heat transfer. The outside is then insulated 
with cork and covered over with an air-tight metal housing. 

If the machine is to be cooled by direct expansion of a refrigerant 
such as ammonia, the outer jacket is usually built of heavy steel, 
properly insulated, and with suitable connections. Note that a con¬ 
nection must be made at the bottom for liquid ammonia inlet and for 
oil draining, and a connection at the top carries off the vapor from 
the refrigerant. Many of the modern direct-expansion freezers of 

40-quart size or larger use the flooded principle on account of its 
greater efficiency and ease of control. This necessitates the so-called 

ammonia control with liquid accumulator. 

Refrigeration Control. The two principal types of ammonia con¬ 
trol are shown in Figs. Ill and 112. Both these systems allow the 
ammonia to evaporate during the freezing process by opening the 
accumulator to the suction of the compressor, and both provide means 
for stopping the evaporation and thereby the cooling during the whip¬ 
ping and unloading period. 

In the system shown in Fig. Ill, the cold liquid ammonia is dropped 
from the accumulator into the freezer jacket by opening a valve when 
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the freezing is to start; when the freezing is finished and it is desired 
to whip, then the valve is closed, and the gas forming in the jacket 
collects at the top of the ammonia space and blows the liquid refriger¬ 
ant out at the bottom and up into the accumulator, thus stopping the 
freezing, as the liquid is no longer in contact with the freezing cylinder. 



Courtesy of the Mojonnier Bros. Co. 


Fig. 110. The Weighing-Type “Overrun Tester.” 

The weight of a definite volume of ice cream, as determined by an accurate scale 
actuates a pointer which reads directly in percentage overrun. The apparatus must be 
calibrated for the weight of the mix being tested, and the samples must be so placed 
in the cup that there are no voids and no packing. 


The freezing stops very quickly after the closing of the valve. Note 
that the valve must be gas tight when closed or the freezer will not 
empty itself of ammonia when the valve is closed, and the freezer will 
continue to freeze, causing poor whipping and lack of overrun. 
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In the system of Fig. 112 the liquid refrigerant always fills the 
freezer jacket and the accumulator to the height allowed by the float. 
With this system, freezing is obtained by opening the valve at the 
top, allowing the compressor to reduce the pressure in the jacket so 


To Compressor To Compressor 



Freezing Whipping 

Fig. 111. T1 ie York-Type Refrigerating System for Batch Freezers. 



Freezing Whipping 

Fig. 112. The Creamery-Package-Type Refrigeration System for Batch Freezers. 

that the ammonia will boil at the low temperature of 0° to 10 F., 
the same as the previous system. However, in the whipping and un¬ 
loading period, the freezing is stopped by closing the valve and allow 
ing the pressure in the jacket and accumulator to build up. As the 
pressure builds up, owing to absorption of heat from the ice cream, 
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the ammonia stops boiling and freezing stops. Note that the am¬ 
monia liquid remains in the freezer jacket. This method of control 
does not stop the freezing quite so quickly as the first method de¬ 
scribed, and it is important that the control valve be shut before the 
cream is quite as stiff as desired because some freezing occurs through 
the entire process. This slow-continued freezing during the whipping 

process has a desirable tempering action on the ice cream. It is im¬ 
portant with this system also that the valve close tight, as otherwise 
the pressure will not build up during the whipping process, and the 
whipping may be slow. 

Dasher. The functions of the dasher are: (1) to scrape the frozen 
film from the cylinder wall, carry it to the center, and circulate it 
from one end of the freezer to the other so that a uniform cooling 
takes place; (2) to beat the ice cream and fold air into it so that the 
proper swell is obtained; (3) to mix any fruit and flavoring; and (4) 
to eject the finished cream rapidly when the batch is finished. 

Many forms of dashers have been tried for batch freezers; how¬ 
ever, in the main, the modern dashers consist of an outer frame carry¬ 
ing either two or more sets of scraper blades, which turn in one direc¬ 
tion at a speed of 170 to 250 r.p.m., and a center part consisting of a 
series of longitudinal rods or paddles which rotate in the opposite 
direction. See Fig. 113. There is also a special design in which two 



Courtesy oj The Creamery Package Mfg. Company. 

Fig. 113. A Typical Batch Freezer Dasher. 

Note the sectional scraper blades and the spiral unloading bars. 


beaters driven by planetary gears are so mounted in the dasher frame 

that they have the effect of an egg-beater. In this machine, the beater 

may be stopped during the freezing process by throwing a clutch lever. 

Designs are furnished with rotary seals, Fig. 114, instead of a 

s u ng box, and also with a demountable construction, so that the 
dasher can be completely taken apart for cleaning. 
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Batch-Freezer Performance. The modern batch freezer of 40-quart 
capacity should turn out a batch of finished ice cream in 5 to 7 minutes. 
To do this, however, the refrigeration must be good, the blades must 
be sharp and scraping evenly, the mix must be right, and the freezer 
must be properly operated. 


Courtesy o / the Cherry Burrell Cory. 

Fig. 114. The Rotary Seal. 

Note that sealing is accomplished between the shaft and the seal ring by means of 
a flexible rubber ring which Is held in place by a spring, thus allowing the seal ring to 
move lengthwise of the shaft if necessary. The seal between the seal seat or back of 
the freezer cylinder and the seal ring is accomplished by means of a finely ground 
surface of the seal ring which turns against the finely finished surface of the seal seat. 
The seal ring turns with the shaft, thus making a rotating seal. Pressure of the spring 
holds the seal ring tightly against the seal seat. The illustration shows the form of seal 
for continuous-type freezers; however, the same general design is found on many types 
of dairy machinery, including sanitary pumps. Care of the seal consists principally in 
keeping the rubber friction ring in good condition and renewing it when necessary. 

Dull Scraper Blades. These are perhaps the most frequent cause 
of slow freezing. Dull blades cause slow freezing because they do not 
remove the frozen film from the freezer cylinder. When operating 
properly, the blade should chisel the frozen layer from the cylinder 
wall much the same as a plane turns up a shaving. When the blades 
are sharp and straight they clean the cylinder wall thoroughly. After 
the blade has worn down so that the heel (see Fig. 115) becomes wider 
than y 16 inch, it is no longer able to cut through the layer of frozen 
cream, with the result that an insulating layer is left, causing slow 
heat transfer. This same condition is caused by the formation of a 
burr on the upper side of the edge of the blade. Both these conditions 
greatly decrease the efficiency of the freezer and should be remedied 

as follows: 

Removing the Burr. The burr is best removed by drawing affine 
file or stone lightly along the edge of the blade at an angle of 30°, so 
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that the blade is given a chisel edge. This operation is necessary two 
or three times per week if the freezer performs heavy-duty service. 


It requires only a minute or two. 

Removing Excess Heel. This is accomplished by means of a file 
held parallel to the main flat side of the blade (surface D in the 
illustration). Note that the heel should be brought down to %2 inch 

in width, and the front edge of the blade should never be touched by 
the file. The finished blade should appear as in Fig. 115. The heel 


Blade 



Cylinder 


Heel if*' 


ENLARGED 

VIEW 



Fig. 115. Correctly Sharpened Scraper Blade for Batch Freezers. 

The heel should never be entirely filed away, the blade must contact the cylinder 

at all points along its edge. 

Also, when sharpening continuous freezer blades, the width of the heel and toe 

should be not more than half that used for batch freezer blades. The toe should he 
Vo4 inch and the heel i/, 2 inch or less. 


need not be filed oftener than once every month or so under most 
conditions, unless ices or sherbets or material containing gritty or 
undissolved solids are frozen, when it may require more frequent at¬ 
tention. If blades are not sharp, the temperature of the refrigerant 
should be raised in order to allow them to scrape cleaner. 
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Leakage of Ammonia. Leakage of ammonia during the whipping 
period, causing the freezer to continue to freeze, will result in slow 
whipping and difficulty in getting overrun. 

Freezing Too Stiff. Control of refrigeration is very important in 
obtaining good results. If the ice cream is frozen too hard before 


whipping, it will require extra time for whipping with no correspond¬ 
ing gain in quality. 


Slow unloading is caused by having the ice cream too stiff. The 
proper stiffness will need to be determined for each mix. 

Effect of Special Mixes. Mixes having sodium caseinate whip 
very rapidly but are slow freezing. Mixes with low solids require 
more refrigeration and take longer to freeze, and commercially, mixes 

of high total solids will freeze quickly on account of less water to 
freeze. 


The presence of cerelose or sodium caseinate in the mix makes it 
necessary to draw the product at a temperature lower than normal. 

Continuous Freezer. The idea of producing ice cream by a con¬ 
tinuous process has been seriously considered almost from the begin¬ 
ning of the time of commercial manufacture of ice cream in central¬ 
ized plants. Such a process was desired on account of its possibilities 
for saving of space, labor, and cost of operation. Also it would seem 
that more uniform results should be secured. 

The early results were rather disappointing in some respects, but 

later improvements have led to very wide adoption of the continu¬ 
ous process in practically all large plants and in many small ones. 

The modern continuous freezer gives all the desired advantages of 
the early machines and, in addition, permits the freezing of ice cream 
to a colder temperature so that the product is smoother and richer 
tasting. 

Principle of the Continuous Freezer. The modern continuous 
freezer employs the same fundamental principles of operation as the 
batch freezer, in that the mix is cooled to a plastic state and mixed 
with a given percentage of air. However, one major difference is that 
the machines freeze with the ice cream under pressure. This has the 
advantage of improving the heat transfer; also it makes possible the 
proper incorporation of air, even when freezing to low temperatures 
of 21° to 22° F. Thus the continuous freezer has an advantage in 
being able to turn out very stiff, cold ice cream at overruns of well 
above 100 per cent. Continuous freezers are also equipped with 
pumps which positively control the percentage of air and mix and 
which supply the. pressure necessary to force the stiff ice cream into 

containers. 
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Development of the Continuous Freezer. The first commercially 
successful continuous freezer was of the so-called disk type, in which 
the mix passed through a tank in which hollow disks, containing cold 
brine, rotated. The disks cooled and aerated the ice-cream mix, which 
was discharged on the opposite end. The air was absorbed by the 

action of the disks, which were about half submerged in the cream. 
The temperature of the cream was a very important factor in con¬ 
trolling the overrun. 

This freezer was brought out by The Creamery Package Mfg. 
Company, and many hundreds were used in commercial ice-cream 
plants. It was later superseded by the horizontal batch freezers with 
scrapers, largely because they gave a more practical means of con¬ 
trolling overrun and could freeze stiffer. 

In the year 1908, Mr. Meisenhelter of York, Pennsylvania, brought 
out a new-type freezer which was quite successful. It incorporated 
such features as metering of air and mix, also freezing under pressure. 
It was never exploited by a large company or it would undoubtedly 
have been much more widely adopted by the industry. 

Vogt Freezer. In 1926, Vogt applied for a patent on an improved 
continuous freezer embodying several interesting principles. He fol¬ 
lowed the old principle of the Meisenhelter freezer, but added a direct- 
expansion cooling system and a tube-shaped freezing cylinder which 

caused extremely fast freezing. This freezer is illustrated in Fig. 116 
and Fig. 118. Observe that a metered amount of mix and a metered 
amount of air are forced into the freezing tube and are there congealed 
and emulsified, the frozen mixture being forced out on the other end 
of the tube by pressure of the second pump. Numerous refinements 
have been added. The principal advantages of this freezer are its 
ability to turn out an extremely smooth ice cream of low temperature 
continuously and discharge it directly into cartons. The temperature 
of the ice cream is controlled by means of the ammonia temperature 
or the rate of flow of the mix. The overrun is controlled by the per¬ 
centage of air pumped into the freezer along with the mix. The 
ammonia system on this freezer is unique ; see Fig. 117. 

It will be observed that the ammonia is circulated by means of a 
jet action so that it floods the freezing tube during the operation of 

the machine. When the refrigeration is shut off, the refrigerant drops 
back into the accumulator at the bottom of the machine. 

The overrun control system, Fig. 118, consists of two rotary pumps, 
one of which meters mix into a manifold between the two pumps. 
Ihe second pump has a capacity several times the first pump and 
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therefore, draws a vacuum in the header. A small adjustable orifice 
allows air to be drawn in, and this air, together with the mix from 
the first pump, is then forced by the second pump into the freezing 

tube. By allowing more or less air to enter the manifold, the per¬ 
centage of overrun is controlled. 



Courtesy* of the Cherry Burrell Oorp. 

Fig. 116. The Vogt Continuous Freezer. 


The dasher or mutator of the Vogt freezer leaves only a narrow 
annular space of about % e-inch thickness between its surface and 
the freezing cylinder for the ice cream to pass through. Two flexible 
scraper blades are attached to studs on the mutator by means of 
bayonet-type slots. Some models have beaters. 

An adjustable resisting valve is placed in the discharge tube of 
the freezer in order to control the pressure of the ice cream in the 
freezing tube as, under certain conditions, pressure must be built up 
in order to obtain proper incorporation of air. 
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Creamery Package Continuous Freezer. In 1935 the Creamery 
Package Manufacturing Company of Chicago brought out a continu¬ 
ous freezer which made further improvements in the art of continuous 
freezing. It is of the same general principle as the Meisenhelter 
freezer. The Creamery Package freezer, see Fig. 119, has a large- 


BACK-PRESSURE 
GAUGE 



TO ACCUMULATOR 


HOLD-BACK 

CONTROL 


... 

*■ ; *-. * \ •* B r v * <-* i 

» .;« » ^ ^ * f^ 'W sa ^ > “ 1 f 






FROM 

BACK-PRESSURE 
GAUGE 


' *** j ' **V 3 ^ 'o- ^ ; 7: ^ 

<T O L * v t ^ * V- * * ' ^ * 


REFRIGERANT 

ACCUMULATOR 



BAFFLE 


SEC. B-B 


COMBINING 

TUBE 


EJECTOR 
OZ ZLE 




u;nu 


w 


BACK-PRESSURE 
REGULATING VALVE 
(CONTROL AT FRONT 
OF FREEZER) 


SUCTION— LINE 
STRAINER 




rSHUT-OFF VALVE 


FLOAT VALVE 




Tf 

1 

r 


Q 1 

y 






LIQUID-FEED 
LINE STRAINER 


NO. 4000 CASH 
AUTOMATIC PRESS, 
REDUCING VALVE 


SEC A-A 


SECTION SHOWING GAS 
8 LIQUID RETURN TO 
ACCUMULATOR 


QUICK SHUT-OFF 
VALVE 

(CONTROL AT FRONT 
OF FREEZER) 


EJECTOR OPERATING 
PRESSURE GAUGE 


Courtesy of the Cherry Burrell Corp. 

Fig. 117. Jet-Type Ammonia Circulating System Used on the Vogt Freezer. 


diameter freezing cylinder similar to that of a batch-type machine. 
The ammonia .system is of the full-flooded gravity-feed type with float 
control to maintain a predetermined level of liquid ammonia in the 






































































































































































266 


DAIRY ENGINEERING 

accumulator, which is built integral with the freezing cylinder. The 
level of the liquid ammonia is approximately 1 foot above the level 
of the freezing cylinder in order to provide sufficient gravity head for 
the circulation of the ammonia. The ammonia temperature is regu¬ 
lated by means of an adjustable back-pressure-regulating valve on 



Fig. 118. Overrun-Control System of the Vogt Continuous Freezer. 


the top of the accumulator. An oil trap is located on the bottom of 

the ammonia chamber which surrounds the freezing cylinder. The 

system as a whole is of the same general type as that used on batch 
freezers for some years. 

The overrun control system on this machine is novel in that it 
employs a metering-type pump for controlling the flow of mix into 
the freezer cylinder and another metering-type pump for controlling 
the flow of ice cream out of the cylinder, also an air pump which 
supplies an excess of air at all times. Reference to Fig. 120 will make 
the arrangement clear. In operation, the freezing is done under pres¬ 
sure as determined by the setting of the air-pressure regulator, which 
in turn controls the overrun. The principle of operation may be de¬ 
scribed as follows: The mix pump and the ice-cream pump are driven 
from a common source and at a predetermined capacity ratio so that, 
no matter what the speed of the mix pump, the ice-cream pump will 
always pump a certain fixed percentage more. By this arrangement 
the ratio of ice cream output to mix input is theoretically kept con¬ 
stant regardless of capacity changes, and therefore the capacity may 
be changed without upsetting the overrun. 

The actual control of overrun at a predetermined point is accom¬ 
plished by controlling the output of ice cream as compared to the 
input of mix. Thus if mix is metered into the freezing cylinder at a 
rate of 1 gallon per minute and the ice-cream pump pulls out 2 gal¬ 
lons of ice cream the difference in volume consists of 1 gallon in vol¬ 
ume or an overrun of 100 per cent. The added volume of the ice 
cream over that cf the mix consists of air which was absorbed by the 
ice cream as it passed through the freezer. Owing to the fact that air 



267 


ICE-CREAM FREEZING EQUIPMENT 

was supplied in excess quantity, the ice cream was free to absorb 
neither more nor less than the difference in the output of the ice¬ 
cream pump as compared to the input of the mix pump. As long as 
the relative speeds of the two pumps are kept constant and the pres¬ 
sure is constant, the overrun will be constant. 

In order to vary the overrun it is merely necessary to change the 
output of the ice-cream pump while keeping the input of the mix 



Courtc#y of the Creamery Package Mfg. Co, 


Fig. 119. The Creamery Package Continuous Freezer. 


pump constant. This could be done by actually changing the speed 
of the ice-cream pump only; however, in practice, it has been found 
that a much simpler method is to vary the output of the ice-cream 
pump by changing the pressure on the freezing cylinder, which can 
be done by means of the air-pressure regulator. This is possible be¬ 
cause ice cream contains air that is compressible, and therefore if the 
ice cream is under greater than normal pressure at the time it passes 
into the pockets of the ice-cream pump it occupies less volume than 
normal. The pump displacement is constant, but the ice cream, being 
more dense and occupying less than normal space per gallon/is ac- 
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tually pumped at a greater rate, since it always expands to normal 
volume when it is discharged from the freezer. The actual volume of 
ice cream pumped then, if reduced to normal pressure volume, is al¬ 
ways greater, with greater freezer pressure. Since air occupies a certain 
volume with respect to a certain pressure, it follows that, for every 
pressure used on the freezer, there is a certain definite compression of 



Fig. 120. Overrun-Control System of the Creamery Package 

Continuous Freezer. 


the ice cream, and therefore a certain definite overrun will be obtained 
for each setting of the pressure-regulating valve. Increasing the pres¬ 
sure increases the overrun, and decreasing pressure decreases it. In 
actual practice the results follow the theoretical values very closely. 
It should be noted, however, that marked changes in ice-cream tem¬ 
perature will alter the results to a certain extent as in other continu¬ 
ous freezers. 

Air is supplied from a sanitary-type diaphragm compressor, and the 
pressure is reduced to the desired point. This is usually between 5 and 
40 pounds, depending upon the overrun desired and the type of mix. 

The dasher on this freezer follows batch-freezer design in general, 
but has a unique reaction-type unidirectional beater, which is mounted 
off center and turns by reaction. The stiffen the ice cream the more 

rapidly it turns. 

Continuous-Freezer Accessories. The perfection of the continu¬ 
ous freezer has resulted in the development of a number of interest¬ 
ing accessories. 

The continuous fruit feeder is designed for injecting fruit continu¬ 
ously into the finished ice cream. The type shown in Fig. 121 forces 
the fruit into the pressure line, carrying the stiff ice cream and mixing 
it to form the finished product. The ice cream passes under pressure 
through the space to the left of the rotor, and, as the rotor turns, 
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metered quantities of fruit are forced into this passage by the two 
pistons, which have received their charge of fruit during their passage 
through the other half of the revolution. The ice cream and fruit are 
forced out of the injector by the pressure of the incoming ice cream. 
Figure 122 shows a second type of fruit feeder. It meters the fruit 


Courtesy of the Cherry Burrell Cory. 

Fig. 121. The Cherry Burrell Continuous Fruit Injector. 

Note that the machine has an adjustable speed for controlling the rate of injection, 
also that a separate motor driven in the line mixer is used. 

and drops it by gravity onto a rotating starwheel whicn, in turn, car- 

♦ » * / 

ries it around to meet a ribbon of ice cream, picking it up in the same 
pockets of the starwheel. The two materials are then carried to the 
bottom of the feeder case, mixed, and forced out by the pump action 
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of the lower scraper and starwheel. This feeder will force the cream 
through the usual delivery tubes and nozzles. It has a very valuable 
feature in that feeding of fruit, etc., is visible. 

Filling attachments of various kinds are necessary for spreading 
the stiff ice cream as it comes from a continuous freezer into containers. 



Courtesy of The Creamery Package Mfg. Company. 

Fig. 122. The Creamery Package Continuous Fruit Feeder. 


* 

Figure 123 shows an ice cream can filler, which spreads the cream in 

the can and rises on top of the filled portion. 

Figure 124 shows a standard filler for filling one, two, or three 
flavors at a time from a battery of continuous freezers. This same 

principle can be applied to extruding fancy shapes of ice cream. 
Management of Continuous Freezers. The management of con¬ 
tinuous freezers is much the same as that of batch freezers of the 
direct-expansion type. The following are the chief requisites: 
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1. Keep the ammonia jacket clean and free from oil, water, 

and non-volatile ammonia fractions. 

2. Keep the scraper blades sharp and straight. 

3. Keep the mix pumps in good condition. 

4. Make certain that there is always a plentiful supply of 

ammonia at the freezer. 

5. Provide a steady suction pressure at all times, a pound or 
so lower than that at which the freezer must operate to give ice 
cream of the proper temperature. 



Courtesy of the Cherry 
Burrell Cory. 

Fig. 123. Filling Attachments for Continuous Freezers. 

The bulk can filler has a spring-supported telescoping tube, fitted with a spreader 
plate on the bottom, which sits on top of the ice cream in the can and rises automati¬ 
cally as the can fills. Another widely used design has a double toggle jointed pipe in¬ 
stead of the sliding tube to support the filler tube and spreader plate as it rises. 

Note that a two-flavor package filler is shown also in this illustration. 


The continuous freezer makes a continual drain on the liquid 
ammonia line and l’efrigeration system. Any lack of liquid or great 
rise in the suction pressure will soon make itself evident by softness 
of the ice cream on being discharged. 

Scraper blades must function well to get the high efficiency de¬ 
manded in a continuous freezer, for, if the frozen film is not properly 
scraped off, the heat transfer will be low and the capacity of the 
freezer will suffer. The simple directions for care of the scraper 

blades for either batch or continuous freezers, in the section “Dull 
Scraper Blades’’ earlier in this chapter, are of utmost importance in 
the operation of continuous freezers. 

Care of the Ammonia System. The ammonia jacket of a continu¬ 
ous freezer, or any similar apparatus, evaporates a large quantity of 
ammonia every hour. If there are impurities of low volatility at the 
low temperature, such as oil or water, or broken-down products of 
ammonia or oil, in the system, they will collect in the ammonia jacket 
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and in time cause the ammonia to be so sluggish that the freezer will 
hardly freeze. If the jacket is drained and this non-volatile material 
removed, the freezer will regain its efficiency. Particularly in old 
refrigeration systems, the ammonia is sometimes so bad that the 



Courtesy of the Cherry Burrell Cory. 


Fig. 124. A Multiple Flavor Package Filler Hook-Up for Continuous Freezers. 


freezers must be drained every day in order to secure satisfactory 
operation. (See Chapter VIII on how to clean up a foul refrigerating 
system.) This difficulty is sometimes evident on continuous freezers 
even though it has not been noted particularly on other refrigeration 
equipment in the plant, because the freezer usually operates at lower 
temperatures and has higher heat-transfer rates. The foul system 
costs the plant money in all uses and should be remedied, even if it 
is troublesome only in connection with freezers. To illustrate the im¬ 
portance of this matter, it is found that, for every 1 per cent moisture 
present in the ammonia,, it will be necessary to lower the back pressure 
1 pound below normal. Thus, if the concentration is only 3 per cent 
moisture in the evaporator, the back pressure must be lowered 3 pounds. 

A second type of difficulty is sometimes found in refrigeration 
equipment operating on old systems where ammonia and oil have 
broken down. This causes a thin but very tenacious film like a paint 
or varnish to form on the heat-transfer surface, which greatly inter¬ 
feres with heat transfer. The deposit can be wiped off, or it may 
sometimes be removed by bubbling air through carbon tetrachloride 
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in the jacket for half an hour, after which the heat transfer will be 
about as good as new; however, the deposit will soon return and the 

work must be done over again. The only real remedy is to purify the 
ammonia and clean out the entire system, as mentioned in Chapter 
VIII. See Chapter VIII for further discussion of oil in refrigeration 
systems. 



Courtesy of the Cherry Burrell Corp. 

Fig, 125. Attachments for Making Fancy Center Packages with Continuous 

Freezers. 

The velocity of flow must be practically the same through the Inner and outer 
portions of the nozzle in order to obtain an acceptable design in the finished package. 


Calculation of Refrigeration Done in a Freezer. A study of the 
heat balance and thermal relations of an ice-cream freezer involves 
not only the mix and the freezing system but also the power consump¬ 
tion. It is true of any freezer that the amount of refrigeration which 
must be extracted is made up from three sources; first, that in cooling 
the mix; second, the radiation; and, third, the heat equivalent of work 
done in agitating the ice cream while it is being frozen. A typical 
problem will illustrate the above points. 

Problem. Find the refrigeration in B.t.u. necessary to freeze 150 gal. of 

ice cream delivered at 21° F., per hour, from a 40° F. mix of the composition 

12 per cent fat, 11 per cent S.S., 16 per cent sugar, 0.3 per cent gelatin, in a 

freezer requiring a 7%-hp. motor to drive the dasher. Assume that 85 per 

cent of the heat equivalent of the work done by the motor appears as heat 

in the ice cream. Consider the radiation loss as 3 per cent; overrun as 100 
per cent. 

Solution: 

Total refrigeration in B.t.u. 

= Heat absorbed from mix + Heat of friction + Radiation loss 
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Heat absorbed by friction 

= 7.5 (hp.) X 2,545 (B.t.u. equivalent of 1 hp-hr.) X 0.85 = 16,224.37 B.t.u. 

Heat absorbed from mix: 

Sensible heat = (40 — 27.3) 0.8 

Latent heat = (.54 X 60.7) X 144 

Sensible heat of slush (27.3 — 21) 0.65 

Total heat extracted from mix per pound 

150 gal. of ice cream weight 4.55 lb. per gal. 

Total B.t.u. per hr. from mix = 150 X 4.55 X 61.56 = 42,014 B.t.u. 

Total refrigeration required (less radiation) = 58,238 B.t.u. 

Note: Radiation is estimated at 3% = 1,747 B.t.u. 

Total refrigeration required — 59,985 B.t.u. 

= 4.99 tons 

Conditions Which Affect the Capacity of Ice-Cream Freezers. 

Experience shows that the maximum hourly capacity of batch and 
continuous-type ice-cream freezers is determined by conditions of 
operation and the composition of the mix, as well as by the mechani¬ 
cal condition of the freezer. For example, it is known that if ice 
cream is to be drawn at a temperature of 21° F., the capacity will be 
less than if it is discharged at 22.0° F., other conditions remaining 
the same. The temperature of the refrigeration available, the mix 
temperature, and final overrun also affect the capacity. 

A number of charts have been made based upon the actual ther¬ 
mal exchange which would take place in a continuous freezer in order 
to evaluate the general effect of these conditions as they may pertain 
to any freezer. These charts will explain much of the difference in 
capacity noted in different ice-cream plants using the same type and 
size of freezer and on different mixes in the same plant. It is assumed 
that the freezer is in good mechanical condition, and that it is sup¬ 
plied with sufficient refrigeration to maintain a constant refrigerant 
temperature in the cylinder jacket. Such matters as dull or bent 
scraper blades, or a foul ammonia system, will, of course, decrease 
the output of a continuous freezer in proportion to the severity of 
the defective conditions. 

Refrigeration Required per Pound of Ice Cream. In determining 
the probable capacity of a freezer, it is useful to determine the num¬ 
ber of heat units in B.t.u. which must be extracted from each pound 
of the ice cream. This can be done experimentally, and it can also 


= 10.16 
= 47.30 
= 4.10 

= 61.56 B.t.u. 
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be done reasonably accurately by calculation as shown in the section 
“Calculation of Refrigeration Requirements of Mixes” earlier in this 
chapter, provided that the composition of the mix, the mix temperature, 
and the ice-cream discharge temperature are known. 

As would be expected, calculations as above show that the warmer 
the mix or the colder the ice cream is drawn, the greater will be the 
refrigeration required per pound of mix; also, that mixes of a high 
solids composition contain less water to freeze and, therefore, require 
less refrigeration than those of low solids. The condition of the serum 
solids in the mix also plays an important part in freezer capacity, 
since a mix which freezes stiff easily can be frozen at greater capacity 
than those which are difficult to stiffen. 

Figure 126 shows the comparative expected capacities of a freezer 
using four common types of mixes of different composition. This 
illustrates the point that, since more refrigeration is required to freeze 
1 pound of a low-solids mix, the capacity of the freezer will be corre¬ 
spondingly lower than if a high-solids mix were frozen. A higher 
percentage of sugar naturally increases the capacity at a given draw¬ 
ing temperature because the freezing point of the solution is lower and 
less water is frozen at a given temperature. However, the capacity 
may actually be less if drawing at a certain stiffness, since the high- 
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Fig. 126. The Effect of Mix Composition on Freezer Capacity. 

sugar mix must be frozen colder than one of low sugar content in order 
to obtain the same stiffness. 

Effect of Power to Drive Dasher. In the calculation of the re¬ 
frigeration load on a freezer, it is necessary to add the heat equivalent 
of the power required to drive the dasher. This is 2,545 B.t.u. for every 
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horsepower-hour. Some types of mixes, for example, those which have 

been heavily neutralized or those employing certain commercial salts, 

may cause the power requirement of a dasher to increase as much as 

20 per cent. This has the effect of decreasing the capacity of the 

freezer because the increased power results in more of the available 

refrigeration being used up in counteracting the heat of friction rather 
than in freezing the ice cream. 

Effect of Refrigerant Temperature on Capacity. Figure 127 shows 



+ 5 0 -10 -20 

Refrigerant Temp.°F, 


Fig. 127. Effect of Refrigerant on Freezer Capacity. 

the effect of the refrigerant temperature on the capacity of a continu¬ 
ous freezer. Assuming a 40° mix temperature and ice cream drawn 
at 22° F., it will be noted that the capacity is increased considerably 
as the refrigerant temperature is lowered, since a greater temperature 
differential is obtained between the ice cream and the refrigerant, 
under these conditions. It is assumed that the blades are sharp and 
scrape the surface of the cylinder perfectly. Lower ammonia tem¬ 
perature may actually decrease the capacity if the scraper blades are 
dull. 

Effect of Ice-Cream-Mix Temperature on Capacity. The effect of 
ice-cream-mix temperature on freezer capacity, assuming that the re¬ 
frigerant temperature is held constant, is also of interest. It is note¬ 
worthy that the raising of the mix temperature from 35° to 50° F. 
reduces the capacity only 12% gallons per hour on a 150-gallon-per- 
hour operation. The small reduction is accounted for because with 
the higher-temperature mix there is a higher temperature differential 
between the mix and the refrigerant, giving a compensating increased 
heat transfer. It is important to note, however, that much more re¬ 
frigeration capacity is required of the compressor, with the high mix 
temperature, and, in practice, if the compressor does not maintain the 
normal refrigerant temperature in the freezer jacket, the capacity of 
the freezer may be seriously reduced by the use of high mix tempera- 
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tures. As a practical observation, it has frequently been noted that 
mix temperatures higher than 50° F. reduce the quality of body and 
texture of ice cream produced. High mix temperature may cause poor 

melting of the ice cream. 

Effect of the Ice-Cream-Drawing Temperature. Figure 128 shows 


the effect of ice-cream-drawing temperature on the capacity of an ice¬ 
cream freezer, assuming a refrigerant temperature of 10 F. and a 
mix temperature of 40° F. It should be noted that, as the drawing 



Drawing Temperature °F 

Fio. 128. Effect of Ice-Cream-Drawing 
Temperature on Freezer Capacity. 



Percent Over Run 

Fic. 129. Effect of Overrun of Ice 
Cream on the Capacity of Continuous 

Freezers. 


temperature becomes lower, the capacity of the freezer drops rapidly 
on account of the added heat units required per pound of ice cream, the 
increased power requirements, and the smaller temperature differential 
between the refrigerant and the ice cream in the freezing cylinder. 

Effect of Overrun on the Capacity of Ice-Cream Freezers. The 


refrigerating capacity of a freezer is its principal capacity-limiting 
factor; however, the actual number of gallons of ice cream turned out 
per hour is also affected by the amount of air in the ice cream, as 
expressed in overrun. Thus, if a freezer is capable of freezing 75 
gallons of mix per hour, the output of ice cream from this mix will 
be 112.5 gallons per hour at 50 per cent overrun, 150 gallons per hour 
at 100 per cent overrun, and 180 gallons per hour at 140 per cent over- 
run. Figure 129 illustrates the effect of overrun variation upon the 
capacity of a freezer, assuming that all other conditions of operation 
remain unchanged. This is of practical value in that it explains why 
the output of a freezer will not always be the same if cream of a dif¬ 
ferent overrun is drawn. It also explains why the capacity of a freezer 
is less on ices and sherbets of low overrun than on normal ice cream 
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Automatic Wrapping of Ice-Cream Portions. The great interest 
in improved sanitation in the ice-cream industry has resulted in the 
development of several successful automatic wrapping machines for 
individual portions. Figure 130 shows one type of machine which is 
in use in the Breyer Ice Cream Company of Philadelphia. In operation 



Courtesy 0 / the Hudson Sharp Machine Co, 

Fig. 130. Automatic Ice-Cream Wrapper. 


the wrapping material is taken from a pre-printed roll and passed 
through a forming box where it is wrapped around the product into a 
continuous tube. The heat sealing of the continuous tube is accom¬ 
plished by a floating electrically heated shoe. The tube containing 
the product is continuously conveyed by two vertical carriers. The 
product is kept in register with the printed copy by photoelectric equip¬ 
ment. The machine draws the finished tube containing the product 
into the cutting and crimping section where individual packages are cut 

from a continuous tube and simultaneously trimmed and resealed at 

* 

the end. The finished product is then delivered to a conveyor for final 
handling. A machine of this type will handle 750 dozen units per hour. 

QUESTIONS 

1. Name the three functions of an ice-oream freezer. 

2. What are the physical properties of ice-cream mix which affect the oper¬ 
ation of the freezer? 

3. Find the freezing point of an ice-cream mix of the composition 12 per 
cent fat, 14 per cent sugar, 11 per cent serum solids, 0.5 per cent gelatin. 
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4. What percentage of the moisture is frozen as ice when the above mix is 
at a temperature of 22° F.? 

5. Find the number of B.t.u. extracted in the freezer when the above mix 
is frozen to a temperature of 21° F., assuming that it enters at 40° F. 

6. What is the relationship of temperature of ice cream to the power re¬ 
quired to drive the freezer dasher? 

7. What is the relationship of mix temperature to rate of absorption of air 

& 

during whipping? 

8. What is the effect on air-absorbing power of the mix when the mix is 
placed under superatmospheric pressure? 

9. What is the “disk” continuous freezer? 

10. What is the usual charge of mix in gallons for a 40-qt. batch freezer? 

11. Describe two principal types of ammonia controls used on ice-cream 
freezers. Explain their advantages. 

12. What is the effect of dull scraper blades on freezer performance? 

13. Explain, in detail, the proper method of sharpening freezer-scraper blades. 

14. What is meant by the “heel” of the blade? 

15. What is meant by a “burr” on the blade? 

16. What are the disadvantages of freezing too stiff with a batch freezer? 

17. Describe the Meisenhelter continuous freezer. 

18. Describe the Vogt continuous freezer. 

19. Describe the Creamery Package continuous freezer. 

20. What are the essential differences between the Vogt and Creamery Package 
systems of overrun control? 

21. Describe the principle of operation of the Creamery Package fruit feeder. 

22. What are the important points to be considered in the management of 
continuous freezers? 

23. What is the effect of excessive oil in the ammonia jacket of a freezer? 

24. What is the effect of excessive moisture in the refrigeration jacket of a 
freezer? 

25. Find the tons of refrigeration required per hour to operate a continuous 
freezer which draws 7 hp. and turns out 160 gal. per hour at 100 per cent over¬ 
run. Mix temperature, 40° F. Ice cream temperature, 22° F. Mix composi¬ 
tion: 12 per cent fat, 11 per cent serum solids, 16 per cent sugar, 0.3 per cent 
gelatin. 

26. What is the effect of various types of mixes on freezer capacity? 

27. What is the effect of each of the following on freezer capacity : (a) 
power requirement of the dasher; (b) refrigerant temperature; (c) ice-cream- 
drawing temperature; ( d ) ice-cream-mix temperature; ( e ) overrun of ice cream? 


CHAPTER XII 


HOMOGEHIZERS 


The homogenizer consists of a high-pressure pump fitted with a 
minute orifice having an adjustable opening through which fluids are 
forced at high pressure, thereby causing a marked change in the physi- 
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cal properties of the product treated and producing a very intimate 
mixture of the ingredients of the fluid. Figure 131 shows the elements 
of a commercial homogenizes 

General Effect of Homogenization. The effect of homogenization 
upon milk may be described as follows. Rogers and associates state 
that the fat globules in normal milk are usually in sizes varying from 
1 to 15 microns,* depending upon the breed of cow and various other 
factors. Figure 132 shows the appearance of the fat globules in whole 
milk magnified 1,000 times. By means of homogenization, the fat 
globules are broken up into numerous smaller ones, and other phe¬ 
nomena occur. Figure 133 shows the appearance of a well-homogen- 



Courtesy of The Creamery Package Mfg. Company . 

Fig. 132. Fat Globules of Unhomogenized Milk under the Microscope at a 

Magnification of about a Thousand Times. 

Each of the small scale divisions represents 2 microns. 


ized milk also magnified 1,000 times. It will be noted that, in this 
sample, piactically all the fat globules are under 2 microns in size. 
This treatment causes marked changes in the milk; of first importance 

* One micron is ^5,000 inch. 
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is the fact that the fat globules no longer rise to the top to form a 

cream layer, as in normal milk, for they are so small that few of 
them have the power to rise against the pull of gravity. 

A second phenomenon is that the curd tension of the milk is re¬ 
duced; see Tables LXVI and LXVII and accompanying text. 



Courtesy of The Creamery Package Mfg, Company. 

Fig. 133. Fat Globules in Homogenized Milk at a Magnification of about a 

Thousand Times. 

A third phenomenon is an increase in viscosity of the milk, and an 
apparent creaminess and richness not found in unhomogenized milk. 

Effect of Homogenization on Fat Break-Up and Dispersion. Tests 
by Tracy at Illinois show actual measured sizes of fat globules in whole 
milk after homogenization with a single-stage homogenizer operating 
at various pressures. See Table LXV. 

In considering the effect of homogenization on milk, cream, or 
ice cream it is necessary to recognize that fat globules can exist in 
several forms; for example, they may be in four different states. 

1. Single globules unattached. 

2. Clusters, consisting of two or more globules loosely attached. 

3. Clumps, consisting of two or more globules tightly clumped 
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TABLE XLV 

Effect of Homogenization Pressure on Fat-Globule 

Break-up 


Pressure, 

pounds 

Range of Size of 
Fat Globules, 
microns 

Average Size of 
Fat Globules, 
microns 

None 

1 to 18 

3.71 

500 

1 to 14 

2.39 

1,000 

lto 7 

1.68 

1,500 

1 to 4 i 

1.40 

2,000 

1 to 3 

1.08 

2,500 

1 to 3 

0.99 

3,000 

0.5 to 2 

0.76 


Courtesy of P. H. Tracy. 


together so that the individual appearance of the globules is almost 
lost. 

4. Churned or butter particles in which the individual globules 
have lost their identity. 

Thus it will be noted that, in respect to the condition of the fat, 
the single unattached globule is at one extreme, and the butter particle 
at the other. Lack of proper dispersion causes excessive clustering, 
clumping, and even churning, all of which tend to defeat the benefits 
of homogenization. Excessive clustering, clumping, or churning cause 
the development of excessive viscosity, which sometimes makes the 
product very difficult to pump or cool. 

Some homogenizers may give excellent break-up, but the disper¬ 
sion is very poor, resulting in excessive clustering and clumping. The 
two-stage homogenizer was developed for the purpose of improving 
the dispersion of the fat globules. 

Modern improvements, however, make it possible to obtain good 
fat dispersion, as well as good break-up, with a single-valve treatment. 

Judging the Efficiency of Homogenization. One of the best 
methods of determining the efficiency of homogenization is to examine 

a sample with a high-power microscope, noting the size of the fat 
globules, and the amount of clustering, clumping, and buttering if 
they are present. All globules should be broken up sufficiently to 
prevent excessive separation or churning in the product, and there 
should not be excessive clusters, clumps, or butter particles. Most 
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concerns consider the homogenization of ice-cream mix satisfactory 
if 85 per cent of the globules are under 2 microns in diameter. 

Practical plant operators also learn to judge the results of their 
homogenization by the appearance of the product or the equipment. 
For example, a marked coating of butterfat on the dasher of the 
freezer at the end of the freezing run is evidence that the product 
was improperly homogenized, and the homogenizing valve should be 
reground or the pressure raised. 

Excessive viscosity of cream or ice-cream mix as it flows over a 
cooler indicates that there is too much clustering or clumping, and 
the homogenizing pressure should be lowered or the second stage valve 
should be readjusted. Excessive acidity of cream as well as improper 

salt balance will also cause heavy clustering and clumping. 

The United States Public Health Service Standard for Homogen¬ 
ized Milk. The following standard for fat separation has been adopted 
by the United States Public Health Service and is widely accepted by 
industry in connection with homogenized fluid milk: 


Homogenized milk is milk which has been treated in such man¬ 
ner as to insure break-up of the fat globules to such an extent that 
after 48 hours quiescent storage no visible cream separation occurs 
on the milk and the fat percentage of the milk in the top 100 
milliliters of- milk in a quart bottle, or of proportionate volumes 
in containers of other sizes, does not differ by more than 10 per 
cent of itself from the fat percentage of the remaining milk as 
determined after thorough mixing. 


Effect of Homogenization on Curd Tension. Homogenization of 
milk under some conditions has a marked effect on the curd tension. 


This feature has become of real importance of late owing to the 
interest of dietitians on the digestibility of the so-called soft-curd 
milk. A number of investigators, including Doan of Pennsylvania 
and Tracy of Illinois, have published work on the subject. The data 
in Tables LXVI and LXVII, taken from work by Tracy, are of in¬ 
terest. It should be noted that the curd tension of homogenized milk 
appears to be closely associated with the degree of fat break-up, for 
tests-show that the curd tension is identical on certain machines oper¬ 
ating at 2,000 pounds pressure and others which operate at 3,000 
pounds pressure provided that the fat break-up is the same in both 


cases. _ . . 

Temperature of homogenization is also a factor in determining 

curd tension, as shown in further work by Tracy. 
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TABLE XLVI 


Grams of Curd Tension at Indicated Homogenizer Pressure * 


Product 

0 1b. 

500 1b. 

1,0001b. 

2,000 lb. 

, 3,000 lb. 

4,000 lb. 

Skim milk 

70 

66 

67 

70 

73 

63 

30% cream 

* * 

16 

11 

5 

• t 

• * 

Regular 4% milk 

53 

40 

33 

29 

26 

23 


Courtesy of P, H. Tracy, 


* Tests were made with a standard poppet-type homogenizing valve. 


TABLE XLVII 

Relation of Temperature of Homogenization to Curd Tension 

(Homogenized before pasteurization) * 


Pressure 

Grams Curd Tension 

Homogenization Temperature 

145 

120 

90 

None 

51 

59 

! 60 

500 

47 

58 

58 

1,000 

27 

40 

48 

1,500 

22 

32 

39 

2,000 

20 

25 

27 

2,500 

18 

26 

23 

3,000 

17 

25 

23 


Courtesy of P. H, Tracy . 


* These data are from a conventional poppet-type homogenizer valve machine. Lower pressures 
are required when the Creamery Package multifiow valve is used. 


Other Uses for the Homogenizer. One of the most important 

uses for the homogenizer is in the manufacture of ice-cream mix. 

Well-homogenized ice-cream mix gives a richer-tasting, smoother, and 

better-bodied ice cream. It also whips more rapidly and to a higher 

overrun in the freezer; moreover, the fat does not butter out durine 
tne freezing process. 


The evaporated-milk industry has found that thorough homogeni¬ 
zation is essential in the manufacture of evaporated milk in order to 
prevent separation and to give good body to the finished product. 
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Many other uses are found, such as treatment of sour cream, 
special cheese, mayonnaise, salad dressing, and chocolate coatings. 
In fact, wherever fluid materials are to be intimately mixed physi¬ 
cally, the homogenizer will be found useful. 

Homogenizing Valve. The heart of the homogenizer is the homo¬ 
genizer valve, Fig. 134. This unit may be of widely different shapes 
and sizes. Most valves of the poppet type also have a secondary part 
called a breaker ring as shown in Fig. 134 which surrounds the main 
homogenizing valve so that the fluid strikes the inner surface of the 
breaker ring at right angles as it leaves the orifice formed by the 
conical-shaped valve and seat. The valve parts are subject to extreme 
abrasion because of the high velocity and pressure of the fluid as it 
passes through the valve; therefore they must be constructed of ex¬ 
tremely tough and wear-resisting metals. Most modern valves of this 
type are made of Stellite, a special alloy noted for its hardness. 


Homogenizing Valve 
/ /Breaker Ring 



Fig. 134. Detail of Cross Section of a Modern Homogenizing Valve of the Cone 

Type. 

The valve, the seat, and the breaker ring are shown in their relative operating posi¬ 
tion. The path of the fluid through such a valve is indicated by arrows. 

The size of the valve must be properly proportioned for the 
capacity of the machine for best results, as valves which are too large 
have a tendency to cause excessive clustering, whereas those that are 
too small may not give proper break-up and may also cause excessive 
clustering. In operation, the valve is held down by a heavy spring 
having adjustable tension; as the fluid pressure comes against it the 
valve rises a few thousandths of an inch to form a very narrow an¬ 
nular orifice. Since the opening of the valve is only a few thousandths 
of an inch, it is apparent that slight grooving of a valve of this type 

due to wear is bound to destroy its efficiency. 

Some machines have two of the above valves in series to provide 
a two-stage treatment as mentioned before. This arrangement as 
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illustrated in Fig. 135 was patented by Colony. The principal ad¬ 
vantage claimed is that it is useful in controlling viscosity of cream 

and ice-cream mix. . 

Numerous special types of valves have been developed in an 

attempt to obtain satisfactory homogenization at lower pressures. 
Some of these break up the flow into many small streams by means 
of numerous small orifices and give turbulence to extremely t nn 
layers by use of large-area flat valves grooved on their face. One of 
the most interesting valves has just been brought out by The Cream¬ 
ery Package Mfg. Company. It consists of a small single service 
cone of stainless-steel wire compressed into conical form so that it 
fits into a conical seat called a retainer. The result of this construc¬ 
tion is to break the flow up into a myriad of small streams and to 
give the product numerous shearing treatments. The wire cone is 



Fig. 135. Diagram Showing the Principle of the Two-Stage Homogenizing Valve. 


renewed each day for sanitary reasons. Figure 136 shows the con¬ 
struction of this- valve and its associated parts. Among the advan¬ 
tages claimed for this valve are that it gives homogenizing results at 
one-third less pressure than most conventional valves and furthermore 
it maintains its efficiency without the necessity for frequent valve 
grinding since the wearing unit (the wire valve) is replaced each day. 

Theory of Homogenization. Many theories have been advanced 
about the way in which homogenization takes place. The principal 
ones which are now accepted explain the disrupting action as taking 
place as the result of a shearing action between the globules as they 
flow through a passage at high velocity, much as rocks are sheared 
and worn by the action of a fast-moving river. The solid particles 
nearest the edge of the stream are retarded somewhat by the friction 
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of the fluid on the banks of the stream, and the center or fast-moving 
part of the stream therefore carries the particles in the center at a 
more rapid pace than those nearer the edge. This difference in speed 
causes the solid particles to grind against each other with a shearing 
effect, resulting in the reduction in size of the particles. The faster 

the flow and the narrower the stream, the greater is the shearing 
action. 



Courtesy of The Creamery Package Mfg. Company. 

Fig. 136. The Creamery Package Multi-Flo Homogenizer. 


Note the method of assembly of the homogenizer cylinders and valve block, in 
order to provide ease of assembly and disassembly for sanitary reasons. Modern dairy 
equipment is made so that it can be readily taken apart for cleaning. 

The principal action in the homogenizer is of the same nature; 
because of the extremely high velocity and the minute orifice the 
shearing action is very great. In addition to the above, there is also 
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a certain disrupting action due to impact which takes place when 
the high-velocity streams strike a solid surface as the breaker ring, 
for example, in some types of valves. Then there is undoubtedly 
some disruptive effect due to the sudden drop in pressure or explosive 
effect as the fluid leaves the valve. Studies by Loo * indicate that 
forces caused by collapse of bubbles due to cavitation may also be an 


important factor in homogenization. 

In actual practice, most valves employ a combination of the three 
principles. The size of the orifices and the shape are determined by 
the volume to be handled in a given time and also by the viscosity 
of the product. 

It has been shown by careful tests that the best results are ob¬ 
tained from a homogenizer valve when the fluid is forced through it 


under steady pressure. This is because the shearing effect of the valve 

changes with the velocity of the fluid passing through it and, for a 
certain valve, can be correct at only a given velocity. With fluctuat¬ 
ing pressure, the velocity will fluctuate, thus causing irregular results. 

The Triplex Pump. Most modern homogenizers use a triplex 
pump of heavy construction for developing the necessary pressure for 



Typical Discharge Curve for a Triplex Pump 
Maximum 7.80 Gal. per Minute 
Average 7.33 Gal. per Minute 

Fig. 137. Typical Discharge Curve for a Triplex Pump. 

the process. The triplex pump is especially adapted to homogenizing 
on account of the uniformity of pressure developed through the over¬ 
lapping of the pressure strokes of the three plungers. Figure 137 
shows a typical discharge curve for a triplex pump. Note that the 
discharge of each of the three cylinders begins at zero and goes to a 
maximum and back to zero once for each revolution of the crank. 
If only one plunger were used the output would vary from zero to 

* Ph.D. thesis, Michigan State College, 1952. 
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maximum each stroke thereby causing very irregular operation of the 
homogenizer valve. If three cranks are set at an angle of 120° to 
each other, however, the strokes overlap and the variation between 
maximum and minimum is only about 20 per cent. The actual magni¬ 
tude of pulsation is reduced by the use of small-diameter plungers 
having rapid travel as compared to large-diameter plungers r unnin g 
at low speed. Practical limitations such as ability of suction and 
discharge valves to operate properly prevent the use of plunger speeds 
in excess of about 130 feet per minute, where heavy liquids are to 
be handled. 

The suction and discharge valves of homogenizers are of great 
importance, since they must open easily so that the plungers can 
draw in a full charge at each stroke without loss of capacity, and 
they must close tightly on the pressure stroke so that there will be 
no leak back. These valves are usually of the poppet type and 
should be kept well ground in. Many of the newer homogenizers 

have a light spring on the discharge valves to make them close more 
quickly. If these springs are too strong, some difficulty may be 
experienced in getting the machine to prime itself when first starting 
out, on account of air binding. Sticking or leaky valves are the usual 
cause for irregular pressure if it is not due to air leaks in the suction 
line or around the plungers. 

The triplex p um p ordinarily uses outside packed plungers which 
are simple to maintain. The output of the pump drops off very little 
through wear and can always be brought up to its original capacity 
by the installation of new plungers. The plungers are usually made 
of hardened stainless steel or Monel metal. 

Modern pump drives for homogenizers are generally made to 
enclose the motor and all belts, gears, and other moving parts. They 
are streamlined for good appearance and so shaped with proper slope 
of all top surfaces that water will not collect on any part of them. 
The motor housing is splash proof and yet ventilated for cooling the 
motor. The legs are of the adjustable ball foot type. 

Lubrication of the Homogenizer. The lubrication of the homo¬ 
genizer is of great importance on account of the heavy strains in¬ 
volved. Modern full-flooded or pressure lubrication is considered 
most satisfactory. Some large machines make use of oil coolers as 

an aid to lubrication. 

Rotary Pump. Many attempts have been made to utilize a rotary 
type of homogenizer pump because of its compact size and the uni- 
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formity of pressure developed. It has been found very difficult to 
build a pump which would maintain its efficiency for a reasonable 
length of time against the high pressures necessary. Several manu¬ 
facturers have recently brought out rotary-style pumps, however, 
which are being used to a limited extent for low-pressure homogeni¬ 
zation. An adjustable feature is provided for taking up wear, by 
pressing the side of the pump case closer against the rotors on some 
of these pumps. 

Sanitary Construction of Homogenizers. For many years, homo- 
genizer construction was such that it was impracticable to take the 
pump head apart each day and clean it thoroughly to meet modern 
sanitary regulations. 

Improvements have been made, however, in the construction of the 
homogenizer heads, enabling the operator to take them apart quickly 
for cleaning. The rods are removable, and the valves and all passages 
which come in contact with the milk can be exposed for brushing. 
Figure 136 shows a cross section of a modern sanitary homogenizer 
head. Note that the valves are of the poppet type with ground seats. 
The head is usually forged from a solid billet of stainless steel; valves 
are of bronze, Monel, or stainless steel. 

Rod packing is of single-ring flange leather design, or multiple¬ 
ring plain square flax or chevron style. Endless rings are preferred 
over the split style. Plug gaskets are usually made of a special close- 

grained red fiber or odorless resin products or rubber. In modern 
homogenizers, all gaskets are easily removable for washing. 

Effect of Pressure on Power Consumption. The homogenizer is 
essentially a positive pump, and the quantity of product pumped 
through is essentially the same, regardless of pressure. Therefore, 
the power requirement is directly related to the pressure at which 
the machine is operated. Figure 138 shows a power-consumption 
curve for homogenizers operating at various pressures. 

Care and. Management of Homogenizers. Since the homogenizer 

is essentially a positive pump, it should be given the same general 

treatment as any other such pump. However, owing to the sanitary- 

type construction and dismantleable features, greater care is required 
than with most pumps. 

Packing especially must be kept in good condition. Only the best 

should be used, and it should be replaced at frequent intervals on 

account of sanitary reasons. The rods must be smooth and true or 

the packing will not hold. Defective rods can be turned down and 
polished or replaced. 
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Plugs are usually packed with hard red fiber or resin composition 
washers. 

Suction and discharge valves need to be kept in good condition 
or the homogenizer will pulsate badly, yielding an inferior product. 
Valves can be readily ground in by means of fine grinding compound, 
the same as used in grinding auto-engine valves. A water-mixed 
grinding compound is preferable as it can be easily washed away 
when the job is finished. Aluminum oxide base grinding compound 
is best for use on stainless-steel blocks, as it will not cause corrosion. 



Fig. 138. Effect of Operating Pressure of Homogenizers on Power Requirement. 

The homogenizing valve, being the heart of the machine, must 
be kept smooth and true. When the valve or seat shows grooves on 
the wearing surface, it needs refacing. Since these valves are usually 
made of Stellite, which has extreme hardness, they should be returned 
to the factory for the resurfacing of the valve and seat. Some homo¬ 
genizers have a daily replaceable unit, thus eliminating the necessity 

for grinding the homogenizing value. 

Air leaks in the suction line of homogenizers must be prevented 1 

satisfactory results are to be obtained. They cause irregular pres¬ 
sure with resulting poor homogenization, increased strain on the 
pump and trouble from foam. It is best to have the product flow 
to the pump by gravity if this is convenient, otherwise all joints m 
the suction line must be kept in perfect condition. It is usually desir- 
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able to use gasket-type fittings on all suction-line joints above the 

level of the liquid in the supply tank. 

Care should be exercised to Keep the suction line as short as pos¬ 
sible. All joints should be carefully made to eliminate any possibility 

of air leakage. 

If the suction line exceeds 8 feet in length, it is advisable to use a 
suction pipe one size larger than the suction inlet connection. 

If the product to be homogenized is heavy and will not flow freely, 
it is advisable to place a pump in the suction line to prevent starvation 

of the machine. 

If the product is to be run at a high temperature, the supply tank 
should be elevated as follows: 


170° F., at least 1 foot above inlet to homogenizer—more if 
possible. 

180° F., at least 3 feet above inlet to homogenizer—more if 
possible. 

190° F., at least 5 feet above inlet to homogenizer—more if 
possible. 


In installations where suction lines are longer than 15 feet, it is 
recommended that a feeding pump be installed. 

It is desirable to provide a table with a rubber mat for holding 
the parts of the homogenizer when the head and valve are dismantled 
for cleaning. This will prevent them from becoming nicked or scarred. 

Cleaning the Homogenizer 

1. Prior to dismantling the cylinder-block assembly the follow¬ 
ing preliminary cleaning procedure is suggested: 

a. Pump lukewarm water (100° F.) through the cylinder 
until the discharge becomes clear. 

b. Add 1 pound Hi-Speed w r ashing powder for each 10 gallons 
of water. Heat to 160° F. and circulate for 10 to 15 minutes. 

c. Flush with cold water. 

d. Rinse with water of 170° F. 

2. Dismantle the cylinder block. Do not hammer or disfigure 
parts when dismantling. 


The homogenizer should always be dry before assembly of the 
stainless-steel parts unless it is to be used immediately. Packing 
should never be left in contact with stainless-steel plungers over night 
as any moisture present may cause corrosion and pitting of the rods. 
The machine should be sterilized immediately before use by pumping 
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scalding water through it or by first pumping 100 p.p.m. chlorine 
solution through and then hot water. 

Care of the lubrication system consists principally of making 
certain that it always contains sufficient oil of the kind and viscosity 
recommended by the manufacturer. Oil should be changed at regular 
bimonthly intervals after the initial oil change, which should be after 
one week’s use on a new machine. One of the principal problems is 

the prevention of water contamination of the oil. In some machines 
water is carried into the oil chamber by the plungers, and in all 
machines the oil seals should be kept in good condition as the dilution 
of oil with water has been the cause of bearing trouble in many 
machines. Moisture is also absorbed quite rapidly from the air in 
a moist room, and for that reason also the oil should be changed 
occasionally. 

Best results are obtained from homogenizers if the following points 
are kept in mind by the operator, and the settings of the machine 
adjusted to compensate for conditions as they are found. 

1. Increasing the homogenization pressure gives finer break-up 
of fat globules but also increases the tendency to form clusters 
or clumps. 

2. High-fat products, such as cream, cluster much more readily 
than milk or evaporated milk. 

3. High acidity causes milk products to form clusters more 
readily. 

4. Excessive viscosity is caused by pressure too high or acidity 
too high. 

5. High-temperature homogenization reduces clustering, gives 

better break-up, and reduces viscosity. 

6. Low-temperature homogenization (120° to 130° F.) reduces 

break-up and gives more viscosity. 

7. High-temperature homogenization at high pressure may 
cause excessive casein destabilization. 

8. Homogenization efficiency may be reduced if the product has 
not been held at the proper temperature for 30 minutes. 

9. Irregular pulsating pressure greatly reduces the efficiency of 

homogenization. 

10. Minute imperfections in the homogenizing valve allow large 
globules to slip through and thereby prevent proper homogeni¬ 
zation. 



HOMOGENIZERS 


295 


Homogenizer Accessories. The principal accessories for use with 
the homogenizer are the inlet strainer, the pressure relief valve, and 
the pressure gauge. All these are essential for the proper and safe 


operation of the machine. 

The suction strainer prevents coarse particles and foreign matter 
from entering the homogenizer, and its use not only gives more uni¬ 
form operation but also prolongs the life of the machine. The strainer 
is usually fitted with a removable perforated metal screen. The size 
must be sufficient to prevent rapid plugging, which would, of course, 
prevent the homogenizer from handling its full capacity and also cause 
irregular operation. It should be installed close to the machine. 

Pressure relief valves are made adjustable, and it is recommended 
that they be set only slightly above operating pressure in. order to 
protect the machine fully. 



Courtesy of the Taylor Instrument Co. 

Fig. 139. A Sanitary Homogenizer Pressure Gauge. 

As pressure is applied to the bulb, it is compressed slightly and by means of a 
capillary connection the increased pressure is conveyed to the pointer-actuating mecha¬ 
nism in the body of the gauge so that the movement of the pointer is synchronized 
with pressure changes around the bulb. 
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An accurate pressure gauge is essential for intelligent operation 
of the machine. The average homogenizer gauge gets rough usage and 
should be checked occasionally against a test gauge. Figure 139 shows 
a modern-type pressure gauge which is sanitary and dependable. Note 
that the homogenized product cannot contaminate the working parts 
of the gauge, and vice versa. Some homogenizers have an ammeter- 
type pressure-indicating device. This has the advantage of simplicity 
and dependability but is affected by any undue friction in the homo¬ 
genizer drive, since it is really a measure of the power required to 
drive the homogenizer at the different pressures. 

Sonic Vibrator. The sonic vibrator, although it cannot be classed 
as a true homogenizer, nevertheless has attracted considerable atten¬ 
tion because, when milk is passed through it, the curd tension is 
reduced and the fat globules are broken up and dispersed. The 
machine consists of a flat disk actuated by an electric magnet located 
over an anvil containing a hole through which the milk enters. The 
milk passes through the space between the disk and the anvil, and the 
vibrating action of the disk against the thin film of milk hammers the 
fluid at a high frequency, accomplishing the desired result. 

3A Standards for Homogenizers. The main provisions follow. 

A. MATERIAL 

1. Power Frame. Exteriors shall be rust-proofed or shall be 
rendered corrosion-resistant or painted. 

2. Cylinder Block and Fittings. All metal pump parts having 
any surfaces in contact with the product shall be constructed of 
dairy metal, consisting of stainless steel, nickel alloy, or equally 
corrosion-resistant material that is non-toxic and non-absorbent. 

3. Homogenizing and/or Relief Valve. These, including the 
pressure regulating spring shall be easily removable for cleaning 
and inspection. 

B. CONSTRUCTION 

1. Power Frame and Frame Covers 

a. Exteriors of structural parts not in contact with the prod¬ 
uct shall have a smooth finish, and shall be so constructed as 

to be easily cleanable. 

b. The bottom of the frame or base shall be entirely closed. 

Any skirt extending below the bottom wall of the base shall be 

limited to a distance of 1% inches below the bottom wall. 
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c. All exterior surfaces shall be self-draining. The minimum 
clearance between the lowest point on the base and the floor shall 
be not less than 4 inches. 

2. Legs or Feet 

a. Legs or feet shall be smooth with rounded ends and have 
no exposed threads. 

b. Legs made of hollow stock shall be sealed. 

3. Cylinder Block and Fittings 

a. All product-contact surfaces shall be readily removable 
or accessible for cleaning and inspection. 

b. All surfaces shall be machined or polished to not less than 
120 grit finish properly applied. Sharp corners and edges shall 
be avoided. 

c. There shall be no threads in contact with the product. 

d. The cylinder block shall be constructed so that it will be 
possible to brush through all openings and passages in at least 
one direction. There shall be no dead-ended passages. 

e. The space between the cylinder block and drive housing 
shall be readily accessible for cleaning, self-draining, and pro¬ 
tected so that liquids will not enter the drive housing. This 
space shall be provided with a cover. The cover over the 
plungers may, however, be designed to permit observation of 
packing leakage and of water applied to plungers without re¬ 
moving cover from the machines. 

/. All cylinder-block fittings shall be of the flanged type. 

g. Inlet and outlet openings shall conform with the 3A Sani¬ 
tary Standard for fittings. In the case of high pressure pumps 
they shall be of the flange type construction. 

h. Suction and discharge valve springs, when used, shall be 
smooth, have open ends, and be readily cleanable. Pitch of 
springs shall be such that open space between coils is not less 

than % 2 inch. Openings at ends of springs shall be not less 
than % 2 inch. 

i. Homogenizing pressure regulating springs and/or relief 
valve springs shall not be in contact with the product. 

C. RECORDING OR INDICATING GAUGES 

1. The gauge shall be of the sanitary-diaphragm or pressure- 
bulb type. 

2. The gauge connection to the gauge well shall be of the flange 
type. 
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3. The gauge parts having contact with the product shall be 
smooth, readily cleanable, and constructed of dairy metal consisting 
of stainless steel, nickel alloy, or equally corrosion-resistant ma¬ 
terial that is non-toxic and non-absorbent. 

D. GASKETS 

1. Gaskets shall be easily removable and cleanable or of the 
single-service type. They shall be of rubber or rubber-like material, 
or of a plastic material, or of other suitable sanitary material 

E . PLUNGER AND VALVE-ROD PACKING 

1. Packing shall be easily removable for inspection and cleaning. 

2. Packing shall be of a reasonably impervious material. 

F. SEALING 

1. Homogenizers used with high-temperature short-time pas¬ 
teurizing equipment shall be provided with an easily accessible or 
externally visible seal or seals that will prevent altering the capacity 
of the homogenizer. 


QUESTIONS 

1. Describe the principle of the homogenizer. 

2. What is the normal size of fat globules in raw milk? 

3. Why is it desirable to break up fat globules to a size of 2 microns or less 
in homogenizing? 

4. What is a micron in decimals of an inch? 

5. Sketch a simple homogenizing valve. 

6. Sketch a two-stage valve. 

7. What is the breaker ring? Its purpose? 

8. What are the advantages of two-stage homogenization? 

9. Why is the triplex pump so widely used in homogenizers? 

10. Sketch two principal types of homogenizer packing. 

11. What is clustering? Illustrate by a sketch. 

12. What is clumping? Illustrate by a sketch. 

13. What is the relation of homogenization pressure to fat-particle size in 
homogenized milk? 

14. How does the appearance of the coating on an ice-cream-freezer dasher 
at the end of a run give an indication of the degree of homogenization of the 
mix? 

15. What is the relationship between the appearance of ice-cream mix as it 
passes over a surface cooler and the degree of clustering or clumping of the 
mix? 

16. What is meant by curd tension? 

17. What is the effect of homogenization pressure on curd tension of milk? 

18. How does the homogenization pressure affect the power required to drive 
the pump? 
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19. How are homogenizing valves ground in when they become pitted? 

20. Give directions for the care and maintenance of homogenizers. 

21. Show, by sketch, the principle of a modem homogenizer pressure gauge. 

22. Describe the sonic vibrator. 

23. Find the theoretical horsepower required to drive the pump of a ho¬ 
mogenizer at the rate of 500 gal. per hour against a head pressure of 2,500 lb. 
Assume that the pump is 85 per cent efficient. 


CHAPTER XIII 


PASTEURIZING EQUIPMENT 

Pasteurization is practiced in the modern dairy plant in order to 
protect milk and make it safe for human consumption and to improve 
the keeping quality of dairy products so that they will reach the 
consumer in better physical condition. It also helps to retain the 
good flavor of milk over a longer period of time. 

The pasteurizing process as developed by Louis Pasteur consists, 
in principle, of heating the product to a predetermined temperature 
and holding it for a time sufficient to kill all or nearly all objection¬ 
able organisms which may be present. The original work was done 
with wine. For pasteurizing milk, apparatus must be provided which 
will heat each and every particle of milk to the proper temperature 
for the required length of time, and do it accurately, for overheating 
will impair the flavor and affect the “cream line.” 

Effect of Time and Temperature on Bacterial Reduction. Figure 
140, showing the approximate time and temperature curve for pasteuri¬ 
zation, is of fundamental importance for it is the basis for operation 
and design of pasteurizers. It will be noted that, within certain 
limi ts, pasteurization can be effective at higher or lower temperatures 
than normal if the time is varied to compensate. In practice, the 
local health regulations set the specifications for time and tempera¬ 
ture, and carefully check up on operators to see that conditions are 

being observed. 

Cream Line and Conditions Affecting It. One of the important 

practical considerations in connection with heating and cooling of 
milk is the effect on the volume of fat which appears at the top of 
the milk bottle after standing. The so-called cream line has come to 
be taken as a criterion of richness of the milk and therefore has re¬ 
ceived much attention from designers and users of dairy equipment. 
The information given below is of a general nature, and all users of 
dairy equipment should be familiar with it. Homogenized milk, of 
course, should show no cream line, and the concentration of fat should 
be uniformly distributed throughout the bottle in accordance with 
United States Public Health Sendee standards. 

300 
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Raw Milk. The best cream line on raw milk as it is received at 
the city plant is on milk arriving as fresh as possible and on that 
which receives the least amount of pumping, agitation, and transpor- 



Courtesy of Dr. A. C. Dahlberg, N. Y. Agr. Expt. Sta. Tech. Bull. 254 . 

FW if: Composite of the Relationships Existing among Creaming, Phosphatase 
lest, Bacterial Destruction, and the Present Standards for Pasteurization. 


Pasteurization and time treatments 
number of other factors such as taste, 


are a compromise among bacterial killing and a 
cream line, albumen destabilization, etc. 
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tation while cold. In general, raw milk trucked in to the plant daily 
in cans has a much better cream line than raw milk after it has been 
cooled at a receiving station, pumped into a tank truck or car, trans¬ 
ported, agitated, pumped out again, and pasteurized after a period 
of 6 to 30 hours, depending on the length of haul and time elapsing 
between receipt and pasteurization. 

Heating Milk. Heating milk for pasteurizing usually increases 
the cream volume over that found on the raw milk. It tends to 
restore the original raw-milk cream volume if it has been injured, 
but does not completely do this. Regenerative heating apparently 
has the same effect in increasing the cream volume if it has been 
injured previously. However, there is no inflation of the cream 
volume beyond that which the milk would have if immediately cooled 
and bottled on the farm after milking. In fact, milk having nearly 
this maximum cream volume when received at the plant raw has its 
cream line slightly injured by either plain or regenerative heating. 

Holding. Holding the milk at 142° causes average reduction in 
the cream volume between the heated and held milk ranging from 
0 to 9 per cent and averaging 6 per cent for 11 plants in which a 
special study was made. Holding at 145° caused average reductions 
from 4 to 24 per cent, averaging 19 per cent for 11 plants. Conclu¬ 
sions were that 145° caused a reduction of 13.3 per cent in cream 
volume on the cooled milk over that secured on milk pasteurized and 
held at 142°. The length of time that milk is held affects the cream 
line. The last milk emptied from a holder usually has appreciably 
less cream volume than the first emptied. The shortest practicable 
filling and emptying time is desirable to reduce overholding and 
resulting injury to the cream line. 

Internal tubular cooling used in 4 of 11 plants was found to 
injure the cream line noticeably. On the other hand, external tubular 
cooling used in 5 of the plants increased the cream volume, making a 
total increase over internal cooling of 6 to 10 per cent on the total 
cream volume. A 10 per cent increase means at least one-eighth of 
an inch deeper cream line on most bottles. Experience shows that the 
cream volume improves as the temperature of the cooled milk is 
lowered. In other words, the coldest possible bottling temperature 
which will not cause serious foaming, say 38-40°, will produce the 
deepest cream line in the bottle. 

Storing and Agitating Pasteurized Milk. Storing and agitating 
pasteurized milk in an equalizing tank prior to bottle filling almost 
always has the effect of injuring the cream volume, often as much as 



PASTEURIZING EQUIPMENT 


303 


10 per cent of the total cream volume being lost. A trough placed 
below an external surface cooler, without agitation, for equalizing the 
flow to the bottle, apparently offers the best protection to the cream 


line. 

Bottling. Some loss in cream line may result in the bottling oper¬ 
ation, particularly if there is considerable head of milk on the filler 
valve, causing it to flow through with considerable violence and agi¬ 
tation. Losses of as much as 5 to 15 per cent of the total cream 
volume have sometimes been noted. 

Typical Cream Volumes. Typical cream-volume readings at vari¬ 
ous points in the milk flow line are given in Table XLVIII for: (1) 


TABLE XLVIII 


Cream Volume in Percentage on 3.6 Per Cent Milk 



Plant 1. Tank Car 

Plant 2. Cans 

Plant 3. Ideal 

Raw 

11.5 

16.5 

16.5 

Heated 

14.5 

16.0 

16.5 

Held 

14.0 

15.5 

16.0 

Cooled 

13.25 (internal tube. 

14.75 (internal tube 

16.5 (surface type) 


cooler) 

cooler) 


Out equalizer tank 

12.5 

14.0 

16.5 (trough) 

In bottle 

12.0 

13.5 

16.5 


a plant receiving raw milk in tank cars with the creaming ability 
badly impaired; (2) a plant receiving milk daily in cans direct from 
the farm; (3) an ideal plant. 

Pasteurizer Construction and Principles. Certain general principles 
apply in the construction of all equipment for pasteurization. 

Heating of pasteurizers is nearly always accomplished through a 
thin metal wall except in some electrically operated pasteurizers in 
which it is done by passing the current directly through the milk. The 
general laws for heat transfer, as mentioned in Chapter VI, hold very 
closely for pasteurizer heating problems. Present practice favors the 
use of hot water only a few degrees warmer than the milk as a heating 
medium, for then there is less accumulation of milkstone on heating 
surfaces, and there is not the danger of injury to cream line or flavor 
if the operator should forget or the control get out of order. It also 
makes accurate control of the milk temperature much easier. It is 
recognized that a rapidly moving thin film of heating fluid, as obtained 
m a spray-type system or in the modem double-tube heater and plate 
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heaters, is necessary for most efficient results. Tests by the author at 
the University of California showed that in a double-walled jacket 
pasteurizer a saving of 40 per cent in heating time was made when 
using the spray method, Fig. 141, rather than the flooded method as in 
Fig. 142. Figure 143 shows a modern flooded system. 



Fig. 141 . Principle of the Spray Method of Heating or Cooling Pasteurizers. 



Fig. 142. Principle of the Flooded Method of Heating or Cooling Pasteurizers. 

The amount of heat necessary to pasteurize milk can be readily 
calculated as follows: 

Problem. Find the amount of heat necessary to pasteurize 10,000 lb. of 
milk, assuming that the milk enters at 45° F. and goes to the cooler *t 145° F. 
The overall heat efficiency of the pasteurizer is 85 per cent. 

W X (Pi - Tt) X S. H. X 100 

% Efficiency 


Solution: 
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where H = B.t.u. required. 

W = weight of milk. 

T\ — pasteurizing temperature, 0 F. 

Ti = milk entering temperature, ° F. 

S. H. = specific heat of milk = 0.93 for normal milk. 


Then 

H = 10,000 X (145 - 45) X 0.93 X 100 

85 


1,094,100 B.t.u. 


In smaller pasteurizers, the heating system is usually self-con¬ 
tained; for example, the walls of the tanks may serve as the heating 
surface, or perhaps a coil which rotates in the vat will serve to heat 
the milk. In large systems, the heating is usually done in an external 



Spiral passages 
around tank carry 
heating water at 
high velocity 


Fig. 143. Principle of a Modern High-Velocity Flooded System for Heating and 

Cooling Pasteurizers. 


Note the confined passage which forces the fluid rapidly across the heat-transfer 
surface. 


heater of the tubular-plate or surface type. A foam heater is required 
on all pasteurizer vats in some communities. 

Agitation in Pasteurizers. The efficient and uniform heating of 
milk in a pasteurizer vat requires sufficient agitation to move the milk 

rapidly over the heating surface and also to give a full but gentle 
mixing action of the entire body of milk. 

The problem of correct agitation is quite difficult, for excessive 
or improper movement of the product may cause the formation of 
foam, or it may cause injury to the cream line. There is no known 
formula by which proper agitation can be calculated, and it is largely 
by trial and error that agitators are selected. It is important to note 
that the viscosity of the product greatly affects the type of agitator 
needed. Very fluid materials can be moved very well with a small- 
diameter high-speed agitator; heavy viscous materials require a slow- 
speed large-surface blade to move them properly in the average 
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pasteurizer. The problem of the agitator is sometimes not so much 

in moving the hot fluid as it is in moving it during the cooling period 
when its viscosity is great. 

Pasteurizer Controls. The pasteurizer control is an important 
feature. In many plants control is a hand process, requiring the 
constant attention of an operator; however, since it has been found 
that automatic control is much more accurate and positive, it is 
becoming more popular. For the batch-type pasteurizer, it consists 
simply of an electric or air-operated control so connected with a 
timing clock that the heat is shut off when the proper milk tempera¬ 
ture has been reached, and a bell rings when the proper length of 
holding time has elapsed. Some systems also control the temperature 
of the heating water during the holding period in order to give more 
accurate results. 

For large continuous pasteurizers, an accurate control maintains 
the temperature of the hot milk coming in to the holders within 0.2° F. 
of the predetermined setting. A timer arrangement controls the open¬ 
ing and closing of the various valves to the tanks so that proper 
holding time is assured. 

Many localities require a safety control which prevents milk that 
has not been properly heated from passing to the bottle filler; to meet 
this need, the milk pump stop and the flow diversion valves have 
been developed. 



Vat 

Outlet 


Turn plug 
90 ° lo open 


Grooves B and D 
extend throughout 
depth of valve seat. 



Horizontal Section through 
Axis of Plug Channel, 
Valve Fully Closed, 


Plug, Showing Rela¬ 
tive Positions of Grooves, 
Valve Fully Closed. 


Note; All or part of right half 
of groove A and of left half 
of groove C may be omitted, 


Fig. 144 . A Typical Leak Detector Valve. 


Leak Detector Valve. The leak detector valve, required in many 
localities, is so constructed that any unpasteurized milk pocketed in 

the valve is drained out by means of special grooves to prevent pass¬ 
ing on to the bottle filler. Figure 144 shows one form of this valve 
which has been approved by the United States Public Health Service. 

Materials Used in Construction of Pasteurizers. The materials 
used in pasteurizers must be of a kind which is not acted upon by 
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milk, and which does not cause corrosion; 18-8 stainless steel is very 
highly regarded, and glass lining and tinned copper are also used. 
Perhaps 95 per cent of the new pasteurizers sold are lined with stain¬ 
less steel. See Chapter I for a discussion of the effect of metals 
on milk. 

Types of Pasteurizers. The various types of pasteurizers on the 
market are as follows: 

The plain batch-type pasteurizer consists usually of a stainless- 
steel tank, a means of agitation of the milk, and a heating jacket or 
a heating coil. These pasteurizers are the most simple and inexpensive 
where the quantity of product to be handled does not exceed 500 
gallons to 1,000 gallons. As mentioned above, they are usually hand 
controlled but may be fitted with automatic control. They can be 
fitted with all accessories such as foam heaters and leak protector 
valves. They are necessarily slower in heating than the continuous- 
type pasteurizer because the heating surface is limited by the area 

of the tank or coil. These tanks can be used for cooling as well as 
heating. 



<«> ( 6 ) 

Fig. 145. High-Speed Propeller Agitators, Showing Direction of Movement of 

Circulation. 

The agitation is an important angle of a pasteurizer of this type. 
It must be just sufficient to prevent burning on without injuring the 
cream line. Two general types of agitators are used: the small high¬ 
speed propeller, as in Fig. 145, which is good for liquids of low 
viscosity, and the large-area slow-speed-type agitator as in Fig. 146, 
which is used for handling viscous or highly fluid materials as desired. 

The revolving-coil-type agitator is ideal except for the fact that 
it may pull air into the fluid when the coil is not completely covered 
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and also it is open to criticism from the standpoint of difficulty of 

cleaning. New designs are available that eliminate the stuffing boxes 
on the coil by the use of a rotary seal. See Fig. 102. 



Courtesy of the Uojonnier Bros. Co. 


Fig. 146, A Slow-Speed Paddle Type Agitator with Scrapers Which Touch the 

Vertical Sides of the Vat. 


The continuous-type pasteurizers are more numerous. The pocket 
type makes use of an external heater and, by means of a valve system 
and ports, automatically fills and empties the pockets at necessary 
intervals so that a continuous flow of milk enters and a continuous 
stream is delivered to the bottle filler. The multiple-tank-type pas¬ 
teurizer is similar to the pocket type in principle but has a real advan¬ 
tage in that the system makes use of standard tanks which can be 
added to if necessary to give increased capacity, or the tanks can 
be used individually, if desired. This system ordinarily uses insu¬ 
lated tanks and may have all the accessories as listed under batch 

pasteurizers. 

The long-flow holder-type pasteurizer was widely used for quite 
a number of years. This pasteurizer consisted of many large-diameter 
tubes of sufficient capacity that the time for milk to pass through 
them just exceeded the required 30-minute holding period. 
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The High-Temperature Short-Time Pasteurizer. Some continuous- 
flow pasteurizers might be described as flash or short-time pasteurizers, 
on account of the fact that the milk is heated to a rather high tem¬ 
perature and held for only a few seconds. This holding period may be 
anything from 0 to 60 seconds in practice, and the holding time is 
obtained by passing the milk through a short tube, giving the necessary 
time interval before the cooling starts. Short-time pasteurizers are 
nearly always combined with a cooler and regenerator of the flash type, 
for the milk must be quickly cooled in order to prevent injury. Very 
accurate temperature control, together with positive safety devices like 
the flow diversion valve, Figs. 37 and 38, are necessities with these 


systems, since the time interval is short and great care must be exer¬ 
cised to prevent unpasteurized milk from being passed through. Figure 
147 shows a completely automatic and fully protected system which 
has been appro\ ed in several states. The short-time high-temperature 
outfit has a number of advantages, such as lower first cost, lower cost 
of operation due to use of regeneration on heating and cooling, and the 
fact the pasteurized milk can be drawn off in a fe\v seconds after start¬ 
ing, thus saving time in the plant. Cleaning time is usually less, also, 
than w ith the holding method. 


The application of the principle of regeneration is of great value, 
as the outgoing hot milk partially heats the incoming cold milk, and 
the incoming cold milk partially cools the outgoing hot milk. A 
regenerator efficiency of 80 per cent is oftentimes obtained. Some 
systems use milk-to-milk regeneration and others use milk-to-water. 
With the first system, the efficiency is usually greater and there is 
less equipment to clean, but the pasteurized milk must be at greater 
pressure than the incoming cold milk in order to prevent contamina¬ 
tion in the event of a leak. Where surface-type heaters and coolers 

are used, some makes of equipment necessitate the water-to-milk 
system of regeneration. 

The plate-type pasteurizer is made up of a large number of plates, 
as described under heaters, clamped together with proper passageways 
or milk and. water so that the complete heating, holding, regenerating, 
and cooling can all be done in one small apparatus. Figure 148 illus¬ 
trates one form of this pasteurizer. The principal advantage of this 
system is its compactness and ease of cleaning. It has the disad¬ 
vantage of requiring a gasket on each plate. These gaskets however 
are cemented on and are quite satisfactory if properly cared for. ’ 
The electric pasteurizer is used principally on dairy farms. It heats 
>y passing current directly through the milk. Heating by electricitv 
* 1C same bactericidal action as any other form of heating. Re- 
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generation is a necessity on account of the otherwise prohibitive cost 
of current. 
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Courtesy of the Creamery Package Mfg. Co. 

Fig. 147. Flow Diagram of a Short-Time High-Temperature Pasteurizer. 

Raw milk enters through line 1, passes into the float tank 2 and through line 3, is 
drawn into and through the regenerator section 4, where it is heated to a temperature 
of about 140 degrees F. From here it is sucked into the milk pump (metering type) 5, 
which forces it under pressure through pipeline 6 through the heater section 7, where 
it is raised to a temperature of slightly over 161 degrees F. It then passes through 
the holder tube 8 in which are located the temperature controller bulb 9 and the indi¬ 
cating thermometer 9a. The flow diversion valve 10 is in line 11, which leads the 
pasteurized milk to the cooling side of the regenerator 12. From this cooler, the milk 
passes through the final cooling section 13 and is discharged as cold pasteurized milk 
through line 15. 

The final cooling is usually done by means of cold water (33 degrees F.), which 
enters the cooling section at line 14 and is discharged at line 16. 

Hot water for heating is usually furnished by a hot-water heating and circulating 
unit, 17, equipped with an air-operated steam valve, 19, and steam-pressure reducing 
valve, 18, which serve to maintain the heating-water temperature at a point only a 
degree or so above that of the pasteurizing temperature of the milk. The milk-pas¬ 
teurizing temperature is in fact controlled by the temperature of the heating water. 

The main control panel 20 contains the necessary air and electric lines, together 
with switches and temperature controllers and recorders. The thermal-limit recorder 
not only makes a record of the temperature of the milk but also indicates, records, and 
controls the action of the flow diversion valve. This valve, which is actuated by the 
controller bulb placed at the end of the holder tube, serves to divert the flow of milk 
back into the float tank at any time when the temperature of the milk'at the end of 
the holder tube is below the predetermined point. The heating-water temperature control 

is also located on the main control panel. 
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The Stessanizer, another form of high-temperature flash pasteur¬ 
izer, was developed in Italy and is widely used in Europe. 

Figure 149 shows the Rogers system of high-temperature pasteuri¬ 
zation. 



Courtesy of the Cherry Burrell Cory. 

Fig. 148. The Cherry Burrell High-Temperature Short-Time Pasteurizer. 


Vacuum Pasteurization. Considerable interest has been shown 
lately in the “vacuum process” for pasteurizing milk and cream. With 
this arrangement, the milk is heated to a temperature considerably 
above that ordinarily used in flash pasteurization, sometimes reaching 
230° F., then flashed into a vacuum chamber. The sudden reduction 
in pressure causes certain volatile elements to pass off, thereby elimi- 
nating objectionable odors. 


It has been shown by Sharp and Guthrie that milk which has 

been treated by the vacuum process and then bottled under conditions 

which prevent air from being reabsorbed is superior in keeping quality 

to milk pasteurized in equipment which does not remove the air from 
the product. 
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Milk Sterilization and Canning by Aseptic Methods. One of the 

developments of interest to dairy processors is the so-called Anderson 
Aseptic Canning System by means of which milk or other products 
may be sterilized before canning rather than being sterilized in the 


Cooling water 



Fig. 149. The Rogers High-Temperature Pasteurizer. 

This system employs instantaneous heating with direct injection of high-pressure 
steam, then flashes the high-temperature cream or milk into a low vacuum chamber 
which provides practically instantaneous cooling to a medium temperature. The 
product then passes to a second vacuum chamber which employs a very high vacuum, 
where the product is cooled further and more water is evaporated. Low-pressure steam 
coils supply heat for evaporation of the necessary amount of water. 


can after canning. A diagram of this process is shown in Fig. 150. It 
will be noted that the essential elements are (1) a method of heating 
the product to high temperature by short-time methods with extremely 
accurate temperature control; then (2), without exposing the product 
to air, passing it directly into a previously sterilized can and sealing 
the can under aseptic conditions. The usual means of preventing con¬ 
tamination of the sterilized products before it enters the can is to have 
it surrounded by an atmosphere of steam under very slight pressure. 
This process is of particular interest in that currently it is being used 
successfully on a number of specialized dairy products, and in an 
experimental way with fluid whole milk. The claims for the process 
are that it preserves the product for long periods at normal tempera¬ 
tures, without refrigeration, and particularly that it allows the normal 
flavor of the product to be retained. The experimental process consists 
of a special set-up whereby milk is drawn directly from the cow 
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Fig. 150. The Anderson Aseptic Canning System. 
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through a closed circuit, pasteurized, and then sterilized and canned 
in accordance with the above procedures. R. R. Graves, formerly 
with the Dairy Department of the United States Department of Agri¬ 
culture, has been active in developing this process. 

The Vacreator. Figure 151 shows a special type of pasteurizing 
apparatus which is being used particularly imthe ice-cream and butter 
industries. It will be noted that, with this system, the product is fed 
into a steam-heated chamber where it is flashed at a temperature of 
195 to 205° F. under 4 to 9 inches vacuum. It then passes into a 
second chamber of higher vacuum, say 15 to 20 inches vacuum, and 
is reduced in temperature to 161 to 179° F. From here it passes into 
a third chamber of high vacuum, 27 to 28 inches, and reduced in tem¬ 
perature to 100 to 115° F. This process is claimed to do a very effective 
job of pasteurization and at the same time remove undesirable odors 
and flavors. It also employs a continuous-type machine and is espe¬ 
cially adapted for use on high-viscosity material, although it will also 
operate on plain fluid milk. 

This pasteurizer is used as one portion of the system of continuous 
buttermaking by the Cherry Burrell Corporation. 

Continuous Ice-Cream Mix Making. A number of systems for con¬ 
tinuous-mix making have been developed, some of the hewer and more 
satisfactory ones involving the use of high-temperature short-time 
pasteurizer equipment. Ice-cream mix is currently being short-time 
pasteurized in plate equipment at temperatures ranging between 175 
and 185° F., the mix being held for 30 seconds. It is claimed that a 
mix can be processed anywhere in a range between 165 and 185° with¬ 
out affecting its flavor and without difficulty because of excessive 
viscosity. 

In one large midwestern plant the mix ingredients are assembled 
continuously and automatically under push-button control.. This is 
done cold at 45 to 50° F. The products are then pumped automati¬ 
cally and continuously through a short-time high-temperature pas¬ 
teurizer. One man can assemble cold mix, pasteurize, and pump the 
mix to the surge tank ahead of the homogenizer at a continuous rate 
of 1,500 gallons per hour. Such a system makes possible not only 
important savings in time and labor but also considerable fuel and 
water because of the 65 per cent regeneration obtained in the plate 
heating. Figure 152 shows the operation diagram for such a contin¬ 
uous system. 

Care of Pasteurizer. The care of a pasteurizing system consists 
principally of keeping all surfaces clean, regulators and temperature 
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control in good operating order, and all heat-transfer surfaces free 
from scale or deposit. The holes in spray-type heating systems 
which have a tendency to clog and prevent good results, must be 
kept open. The whole circulating and heating system must be in 
good order. Hot-water-circulating jets need cleaning occasionally or 

they will fill up with scale or lime deposits (see special care required 
for plate-type pasteurizers). 



Courtesy of the Cherry Burrell Corp. 

Fig. 152. The Continuous-Mix-Making System. 

A, Used for assembling cold raw mix; usually 42° to 45°; long sweep agitator; all 
mix ingredients pumped into this tank. B, all raw-ingredient pumps controlled by push¬ 
buttons from this point. C, 25-gallon single-wall portable tank equipped with lightning 
agitator for cold or hot mixing of stabilizer, f), 500-gallon vat for use in thawing frozen 
cream and hot mixing of chocolate, E f mix homogenized. F, plate cooling section could 
be used to replace this Direct Expansion cooler. Note: Regeneration obtained varies 
from 60 to 65 per cent depending on mix viscosity. 
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Heating and Circulating Apparatus. The heating and circulating 
unit, Fig. 153 , is one of the most useful pieces of equipment in a plant. 
It consists of a steam inlet, a mixing chamber, a thermostatic valve, 
and a motor-driven circulating pump. It can be hooked to any heater 
or pasteurizer and will furnish a predetermined quantity of water at 
a predetermined temperature for all hot-water purposes. The pump 
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Courtesy of The Creamery Package Mfg. Company . 


Fig. 153. The Automatic Water Heating and Circulating Unit. 


gives positive circulation, and the thermostat valve allows sufficient 

steam to enter to maintain the proper temperature, provided that 

sufficient steam is available in the feed line. This unit is ideal for 

use with all types of pasteurizers. It is much easier to regulate than 
the steam-circulating jet. 


QUESTIONS 

1. What is the purpose of pasteurization? 

2. What is the principle of pasteurization? 


3. What are the effective material limits of time and temperature as ap¬ 
plied to the pasteurization of milk? Why? 

4. Describe the holding method of pasteurization; state its advantages and 
disadvantages. 
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5. Describe the flash method of pasteurization; state its advantages and dis¬ 
advantages. 

6. Sketch a simple spray-type batch pasteurizer. 

7. What is more efficient heating, a spray or flooded type heating system? 

8. Calculate the pounds of steam required to pasteurize 300 gal. of milk at 
145° F., assuming 85 per cent overall efficiency; saturated steam at 50 lb. pres¬ 
sure; condensate off at 160° F.; milk entering at 42° F. What boiler horsepower 
would be required to do the above heating in 10 minutes? 

9. What is a foam heater? Describe one. 

10. What is the importance of agitation in a pasteurizer, and how does it 
affect the results obtained from the apparatus? 

11. Describe the automatic milk pump stop. What is its purpose? 

12. Describe the flow diversion valve. What is its purpose? Show hook-up, 

13. What are the advantages of a regenerator in a pasteurizing system? 
Under what condition is such an apparatus of value? 

14. What are the general principles for care of pasteurizing systems? 

15. Describe the “leak protector” valve. What is its purpose? 



CHAPTER XIV 
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Gail Borden in the middle part of the nineteenth century demon¬ 
strated the advantages of concentrating milk products by removing a 
large percentage of the water, and, since that time, a great evaporated- 
milk industry has been built up, based upon the principle of market¬ 
ing milk in concentrated form. Many forms of concentrated milk 
products are used in industry; for example, condensed milk is widely 
used in the ice-cream and baking industries. By carrying the removal 
of moisture to a further degree, a powdered or dry milk is produced. 
This also has led to the development of a great industry. 

The general principles involved in evaporating milk are much 
the same as those involved in the generation of steam from water. 
A very important consideration, however, is that, in the evaporation 
of water from milk, the temperature must be kept low enough so 
that the solids in the milk are not overheated with attendant coagu¬ 
lation or serious impairment of flavor. The allowable temperature, 
as in pasteurization, is dependent upon the time of exposure. Milk¬ 
evaporating apparatus is being successfully used in which the tem¬ 
perature is as high as 245° F., but the time of exposure to the heat 
« 

is a matter of a few seconds. The concentrator is an apparatus of this 
sort. The vacuum pan is the other type of apparatus used. In the 
vacuum pan, the milk is made to boil at low temperature by being 
subjected to high vacuum, so that temperatures never go much above 
150° F. in practice. 


Reference to Table XXII shows that the boiling point of water 
is reduced remarkably by placing it under vacuum. The boiling point 
of milk follows the same general scheme. This is the same phenome¬ 
non which occurs when the water in an auto radiator boils at low 
temperatures when operating at high altitude in the mountains. 

Atmospheric Concentrator. The atmospheric concentrator, as 
usually constructed, has a steam-jacketed cylinder inside of which a 
moving blade operates at high speed. When milk enters at one end, 
it gradually works across to the discharge end in a rapidly whirling 
thin film. Heat from the jacket causes a very rapid evaporation- of 
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moisture, which passes off in the form of a vapor through the fan and 
is discharged to atmosphere. The vapor pushes out any air which is 
inside the drum so that the evaporation can be said to be in the absence 
of air. The density of the discharged product is controlled by the rate 
of feed of the milk and also by the temperature of the steam in the 
jacket. Very high heat transfer is obtained because of the rapid move¬ 
ment of the film of milk over the heating surface. Evaporation being 
at atmospheric pressure is at a temperature slightly above 212° F. 
The thermal efficiency is quite high. 

Vacuum Pan. The vacuum pan is made in several different forms, 
but Fig. 154 illustrates the simplest type, and Fig. 155 a so-called 
high-speed type, which is also a double effect as shown. In both, the 
milk is subjected to a high vacuum, but in the latter, the milk is 



Courtesy of the Mojonnier Bros. Co. 

Fig. 154. The Single-Effect Vacuum Pan. 

f 

Showing the heating coils in the bottom of the pan, the milk inlet near the top o 
the evaporating chamber, the water spray in the wet condenser, and the condensate 
removal pump and steam jet air ejector. 
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positively moved over the heating surface at very high velocity, which 
is claimed to prevent burning onto the heating surface and to give 
added heat efficiency. 
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Fig. 155. The Double-Effect Evaporator. 


With the double-effect evaporator, the first effect operates at a lower vacuum than 

the second effect, which makes the boiling temperature higher in the first effect than 

in the second effect Since the vapors given off from the first effect are hotter than 

the boiling point of the milk in the second effect, they are used to heat the milk in 

the second effect. This cuts the steam and condensing water requirement to just 

about half that required for an equal amount of water evaporated in a single-effect 

evaporator. The steam chest of the second effect acts as a surface condenser for the 
vapors forded in the first effect 


The principal parts of the vacuum evaporator are* (1) the evapo- 
rator body, (2) the heating surface, (3) the condenser and trap, (4) 
the vacuum pump. In operation, the pan may usually be operated 
either as a batch or as a continuous-flow device. For continuous 
flow, a very highly efficient positive suction pump is required to draw 
the concentrated milk from the bottom of the pan.* The action of 
the pan can best be illustrated by reference to Fig. 154. 

It is noted that the preheated milk enters at the jets of the main 
evaporator body, drops into the bottom of the pan, and is mixed with 
milk already in the apparatus; it circulates around the heating sur- 

* Special liquid-sealed centrifugal pumps are now being used also for continuous 
removal of condensed milk. 
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face and is heated so that the water is vaporized. This water vapor 
rises and comes in contact with a cold metal surface or a cold spray 
of water in the condenser, where it is condensed and carried off as 
water by means of a pump or other means. Thus the heat which was 
picked up from the heating coils and utilized in evaporating the 
moisture from the milk is given off in the condenser, and the vapor 
is changed back to water, which is now separated from the milk solids. 
A vacuum pump is used to maintain a subatmospheric pressure on 
the system so that the milk will vaporize more rapidly at a low 
temperature. The primary purpose of the pump is to remove air 
which is entrapped in the milk or which leaks in at joints. It does 

not need to handle vapors since they are condensed by the cooling 
water. 

The condenser is one of the most important parts of the system, 
and a number of different types are used. Figure 155 shows a surface- 
type condenser on the first effect in which the vapors condense against 

cooled tubes so that the condensate does not mix with the condensing 

water. This type is more expensive than the spray-type or wet con¬ 
denser shown in Fig. 154 and on the second effect of Fig. 155, but it 
is used in multiple-effect evaporators. 

The spray or wet-type condenser usually drops the condensate and 
cooling water into a so-called wet vacuum pump, which is capable 
of handling air and water simultaneously. The condenser illustrated, 
Fig. 155, utilizes an elevated pipe and the barometic principle to draw 
the condensate and water off automatically. This type of condenser 
is often used with a dry vacuum pump, i.e., one that does not handle 
water. The steam jet ejector, Fig. 155, is a simple and efficient type 
of vacuum pump in wide use. It is very good for high vacuum work 
but can be used only as a dry vacuum pump. 

Great economies of operation may be made in large installations 
with the multiple-effect evaporator as shown in Fig. 155. For example, 
in a double-effect unit, the steam and water consumption are just about 
one-half that required in a single-effect unit. Units having as many as 
four effects are in use on milk products, w r ith corresponding savings in 
steam and water; that is, the four-effect unit will require only about 
one-fourth the steam and water per pound of water evaporated as the 
ordinary single-effect. 

The economizer condenser, Fig. 156, is often used with single-effect 

evaporators to increase the efficiency of operation. 

Care of the Vacuum Pan. The care of a vacuum pan consists prin¬ 
cipally of keeping all joints tight, the heating surface clean, the heat¬ 
ing coils properly trapped so that condensate from the coils is removed 



EVAPORATING AND DRYING EQUIPMENT 


323 


as fast as formed, and the condenser clean. Inefficient operation has 
often been traced to plugged holes in the condenser spray and to 
waterlogged heating coils. The slightest air leak in the system is 
likely to cause trouble from foaming and unstable operation of the 

pan. 
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Fig. 156. The Economizer Condenser. 
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The Low-Temperature Concentrator. A development that may 
have considerable future in the dairy business is the so-called low- 
temperature concentrator, see Fig. 157, which utilizes a refrigeration 
cycle and extreme low-temperature evaporation. The evaporator was 
first used on a large scale in the concentration of orange juice. The 
efficiency of this apparatus is quite good. It is also of note that no 
cooling water is required for condensing the liquid. In many plants 
this would be quite an item, and it offers interesting possibilities in 
the manufacture of concentrated milk. 

The above-mentioned systems have several possible advantages 
over older steam-type vacuum evaporator systems. These advantages 
are (1) higher economies; (2) less damage to flavors; (3) wide varia¬ 
tion of operation temperatures; (4) flexibility of operations; (5) no 
source of heat required, only electricity to operate compressors; (6) all 
the water vapor is delivered as condensate. An analysis of this system 
shows that, compared to, say, a steam-boiler-operated system handling 
an equal amount of evaporation, the energy input to this unit is only 
a small part of energy required to produce steam in the boiler. In 
fact under good operating conditions, if such were possible, approxi¬ 
mately a fifteen-effect steam evaporator would be required to give the 
same efficiency. 

Since all the water vapor drawn from the product is delivered as a 
condensate it is possible'to recover esters or flavor compounds from the 
concentrates. 

Concentration by Freezing.* For many years investigators have 
attempted to develop a method of concentrating milk and other fluids 
by freezing out the water. 

Two methods of employing this system are currently in limited 
use. One of these is the Seahl method, in which the product is frozen 
to a deaerated slush and then centrifuged, or is frozen to a solid 
cake and the frozen mass crushed in an ice crusher, then centrifuged. 
Several freezings and centrifugings are necessary to obtain a high 
concentration. 

The Noyes process uses a method of simply freezing the juice and 
then, by adding carefully controlled heat uniformly, removing the 
water either by draining or siphoning. 

* References on concentration of liquids by refrigeration equipment. 

1. Cross, J. A., Recompression Evaporation, Fruit Products J May, 1948. 

2. Cross, J. A., Revolutionary Evaporator Raises Quality and Lowers Cost, 

Food Industry 516, 1421, 1948. 

3. Mitchell, Terry, Refrigeration Cycle Replaces Steam, Refrigerating Eng> t 

June, 1948. 
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Fig. 157. The Low-Temperature Concentrator. 
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Use of Heat in Condensing. The evaporation of moisture from 
milk is similar to the evaporation of water from a body of water in 
its general aspect; however, owing to the increase in solids in the 
milk as the evaporated milk becomes more concentrated, its boiling 
point and also its heat-absorbing characteristics change. For all 
practical purposes, however, the evaporation of water from milk can 
be treated thermodynamically the same as from a body of water. 

Since most of the condensed milk is made in vacuum equipment 
on account of its lower operating temperature and more rapid evapo¬ 
ration, vacuum equipment is by far the most important type. In 
evaporation under vacuum, three heats are involved, namely, sensible 
heat, latent heat of vaporization, and the heat equivalent of the energy 
expended in the operation of the vacuum pump. 

Sensible Heat. Sensible heat is that required to raise the tempera¬ 
ture of the milk from its entering temperature up to the evaporating 
temperature. Since the specific heat of milk is 0.93, the sensible heat 
required per pound = 0.93 X (Ti - T 2 ) = H, where 

H = B.t.u. per pound. 

T i = evaporating temperature. 

T 2 = milk entering temperature. 

0.93 = specific heat of milk. 

Thus, if milk enters at 50° F. and the pan operates at 130° F., the 
sensible heat required per pound of milk is 

H = 0.93 (130 - 50) = 0.93 (80) = 74.4 B.t.u. 

Latent Heat of Vaporization. This heat is that which is required 
to change each pound of water which is evaporated, into steam or 
vapor at the same temperature. Reference to the steam table, Table 
XXII, will give this figure for any given evaporating pressure. At 

atmospheric pressure, 212° F., the amount is 969.7 B.t.u. per pound 
of water evaporated. At a vacuum of 27 inches the figure is 1027.2 
B.t.u. 

Energy Expended in the Vacuum Pump. In a vacuum system, a 
certain amount of energy is utilized in pumping the condensate, the 
vapors, and entrapped air from the vacuum system to the atmosphere. 
For example, if the vacuum pan is operating at 27.9 inches vacuum, 
it is necessary to raise the pressure of the vapor, air, and condensate 
the difference between this pressure and atmospheric, or a total of 
13.715 pounds. It is estimated that approximately 52 B.t.u. is needed 
per pound of water evaporated to take care of this requirement. 
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The following problem illustrates the principle of heat exchange 
in evaporation of milk under vacuum. 

Problem. Find the pounds of steam required to evaporate 10,000 lb. of 
yniik to a 3 to 1 condensed product, assuming milk inlet temperature 50° F., 
pan temperature 130° F., heat available per pound of steam 1,000 B.t.u. Wet 
vacuum system using wet vacuum pump for removing the condensate* 

Solution: 

Original weight of milk 
Final weight of milk 
Weight water evaporated 

Heat required: 

Sensible heat = 10,000 X 0.93 X (130 - 50) 

Latent heat of vaporization = 6,666 X 1,020.0 
(from steam table) 

Thermal equivalent of work done by vacuum 
pump = 6,666 X 52 

Total heat required 
Therefore 

Pounds of steam required = 7,220,352/1,000 = 7,220.0 lb. 

If the evaporation mentioned in this problem had taken place at 
atmospheric pressure, 212° F., the following result would be obtained. 

Given; 

Entering milk temperature = 50° F. 

* 

Evaporating milk temperature = 212° F. (Note that the actual tem¬ 
perature would be slightly 
higher than this at sea 
level.) 


= 74,400 

- 6,799,320 

= 346,632 

= 7,220,352.0 B.t.u. 


= 10,000 lb. 
= 3,333 lb. 
= 6,666 lb. 


Heat required: 

Sensible heat = 10,000 X 0.93 X (212 - 50) = 1,506,600 

Latent heat of vaporization = 6,666 X 969,7 = 6,464,020 

Total =7,970,620 B.toi. 

Pounds of steam required = 7,970,620/1,000 = 7,970.6 lb. 

Milk Dryer. The milk dryer is a device for removing sufficient 
moisture from the milk so that only the solid matter is left plus a 
small percentage of moisture; see Table IV for the composition of 
milk products. This it does without serious impairment of flavor, 

* See Table XLIX for further data concerning the energy requirements for 
evaporating milk products. 
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color, or solubility. When water is again added to the dry powder, a 
product very similar to the original milk is obtained. 

The principal requirements of a milk dryer are that it must 
remove the moisture with no appreciable deterioration in flavor, color, 
or solubility of the finished product. In most dryers a part of the 
moisture is removed first with a vacuum pan or other evaporator, 
as it greatly increases the capacity of the dryer. Dryers may be 
classified into two main divisions, the atmospheric and vacuum type. 
The vacuum dryers are usually of the so-called revolving-drum type, 
and the atmospheric ones are of either the revolving-drum, continuous- 
belt, or spray type. There is also a tray dryer which is especially 
used for drying casein. 

Good milk dryers have in common the one characteristic, that they 
expose the milk to high temperatures for only a very short time, as 
otherwise the proteins would be coagulated and injured by the heat. 

Atmospheric Drum Dryer. The atmospheric drum dryer, as illus¬ 
trated in Fig. 158, consists principally of two large steam-heated rolls; 

these are coated with milk from a spray or tank and, as they turn, 
cause evaporation of moisture and bring the film of dried milk around 
to the point where it is scraped off by close-fitting knives. The dried 
product is in flakes as it comes off the roller, but the flakes are usually 
broken up by a grinder to form a powder. The actual time for drying 
the film of milk is only a few seconds, but, on account of the high 
temperature of the roll, some of the protein in the milk next to the 
roll is coagulated. The feed of the milk and the temperature of the 
roll control the dryness of the powder. It is essential that a steady 
steam pressure be applied at all times to the rolls as low pressure will 
cause high moisture content of the powder. In caring for dryers of 
this type it is necessary to see that the knives are kept sharp and 

properly fitted, and also that the steam traps are properly working on 
the rolls. 

The vacuum roll is very similar to the atmospheric roll dryer, but 
the roll is enclosed in a vacuum chamber in order to give rapid drying 


at much lower temperature so that the finished powder is more soluble. 
Special feeding devices remove the powder from the vacuum chamber. 

Spray Dryer. The spray dryer is advantageous where a powder 
of maximum solubility is required, since, if the device is properly 
operated, the drying is so rapid that there is practically no impair¬ 
ment of the solubility. The general principle of the spray dryer is 
that a stream of milk is very finely atomized and blown into a stream 
of heated air. The extremely large amount of surface presented by 
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(a) The atmospheric dryer. 



Courtesy of the Buffalo Foundry Co. 


(h) The vacuum drum dryer. 

Fig. 158. Drum-Type Milk Dryers. 
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the droplets of milk causes a practically instantaneous evaporation 
of moisture, the solids being left in the form of a dry powder which 
is then separated from the air. Of the many forms of dryers common 
at the present time, some have pressure atomizers and some rotary 
atomizers. Also the shape of drying chamber varies greatly, some 
having a conical-shaped chamber, others a silo shape, and still others 
a rectangular-shaped bin. The proper proportioning of the size of the 
parts is highly technical, and usually the atomizer is of a special type 
to fit the drying chamber. Reference to the following diagrams will 
show the principles involved. 

Rogers Dryer. Figure 159 shows a popular dryer developed by 
Rogers Company. It will be noted that this dryer consists of a 



nogers 




Fig. 159. The Rogers Spray Dryer. 

Air enters the air filter A and is drawn into the inlet fan B, which forces it over the 
heating coils C through the air duct D into the air distributing head E> then through the 
multiple air inlets F to dryer. Air absorbs moisture from the liquid spray and passes 
through settling chamber G to air filter bags 7/ where entrained pow T der is caught and 
held by the filter bags 77. Air leaves the chamber through exhaust air duct 7 and ex¬ 
haust fan J. Filter bags are automatically shaken by shaking device K. 

Liquid to be dried is heated in preheater L and passes into high pressure pump At 
through liquid line N to spray nozzle G where the liquid is atomized and comes in inti¬ 
mate contact with the incoming heated air entering through air inlets F. Moisture is 
absorbed bj the air. Solids from the liquid fall to the floor where they are conveyed bv 
reciprocating conveyor P to one side of the drying chamber. The dried product is then 

conveyed by screw conveyor 0 to chute «, then by gravity to sifter S. the Wished p odue 
going directly from sifter to package T. 
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steam-heated coil for warming the air, a drying chamber, an atomizer, 

* / 

a fan circulating system, and a powder-collecting chamber. 

In operation, the fan blows cold air onto the steam coils where it 
is heated to a temperature of about 300° F. and then passes through 
specially directed ducts in the side of the dryer where it meets the 
incoming spray of milk from the nozzles placed in the center of the 
air inlets of the chamber. The vapors are carried off by the air and 
exhausted through a duct, while the powder drops to the bottom and 
is removed either at the end of the day or by a continuous removal 
device. 

The Krause Dryer. The Krause dryer operates on the same gen¬ 
eral principles but has a rotary atomizer. In this dryer the air, on 
its way out of the drying chamber, passes through filter bags which 
collect the powder and allow the air to pass on out. The bags are 
shaken at intervals and drop the powder into a suitable receptacle. 

The Swenson Dryer. The Swenson dryer, Figure 160, utilizes 
the waste heat from the drying chamber to evaporate some moisture 
from the incoming raw milk, and for that reason does not ordinarily 
have a separate vacuum pan or evaporator. However, if the milk is 
precondensed in a vacuum pan, the capacity of the machine is still 
further increased. 

This dryer consists principally of two conical chambers, the larger 
which is the drying chamber and the smaller the evaporator or con¬ 
denser. It also has a blower and heating coils, and a powder-removing 
device. In operation, the cold air enters the fan and is forced over 
finned steam coils where the temperature is raised to 300° F.; then it 
enters the large conical drying chamber, through ports on the periph¬ 
ery, and passes through the chamber with a cyclonic motion, leaving 
at the center top and going to the second cone, where it passes in a 
second cyclonic motion and is discharged to the atmosphere. The 
milk enters the small evaporator first and is sprayed through the out¬ 
going air stream in order to pick up any powder entrained in the air 
as well as a certain amount of heat. The milk also has heat added 
in the external heater; it leaves the bottom of the cone of the small 
chamber and passes to the high-pressure pump where it is raised to 
about 3,500 to 5,000 pounds pressure and is sprayed into the top of 
the large conical drying chamber. The heat of the drying chamber 
drives off the moisture, and the solid matter is thrown to the bottom 
of the cone as powder, from which it continuously passes to a small 
collector and then through the sifter into the container. 
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The Buflovak Dryer, Fig. 161, is one of the most modern spray 
dryers, and is designed to conserve space without sacrificing efficiency 
of operation and quality of product. 

Heat Balance of Drying Equipment. The quantity of heat re¬ 
quired to evaporate moisture in a dryer is calculated in exactly the 
same manner as that for the condensing of milk, as shown in the sec¬ 
tion “Energy Expended in the Vacuum Pump” earlier in this chap¬ 
ter. However, the actual power requirement for operation of the 
dryer also includes such items as radiation and thermal equivalent of 
work done in the pumps and economizers. 



Side view 


Courtesy of the Blaw-Knox Co. 

Fig. 161. The Buflovak Spray Dryer. 


Heat Input (. Hourly ) 

L Weight of drying air X specific heat X (Ti — T 2 ) 

2. Heat equivalent of power input to atomizing pump = horse¬ 

power X 0.85 X 2,545 

3. Heat equivalent of power input to milk circulating pumps 

=horsepower X 0.85 X 2,545 

4. Input through auxiliary milk heater = weight of milk circu¬ 

lated per hour X 0.93 X (Tz — Ti) 

Total heat input 


B.t.u. 

B.t.u. 

B.t.u. 

B.t.u. 

B.t.u. 
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Heat Output ( Hourly ) 

1. Sensible heat of water evaporated = Wi X 1 X (T* — T 6 ) = B.t.u. 

2. Latent heat of vaporization = hi X Wy = B.t.u. 

3. Heat carried out with powder solids * 

= W 2 X specific heat X (T? - T t ) = B.t.u. 

4. Radiation losses = B.t.u. 

Total heat out B.t.u. 


Ty = hot air entering temperature. 

T 2 — hot air leaving temperature. 

T s = temperature of milk leaving auxiliary milk heater. 
T i — temperature of milk entering auxiliary milk heater. 
T s = 212° F. for atmospheric evaporation. 
r 6 = milk entering temperature. 

T 7 = temperature of powder at delivery. 

Wy — weight of water evaporated (hourly). 

W 2 — weight of powder (hourly). 

hy = latent heat of vaporization of water at 212° F. 


Atomizer Pumps. Since most modern spray dryers use the high- 
pressure atomizer system, a dependable high-pressure pump is essen¬ 
tial. It must be capable of operating day in and day out at pressures 
of 1,000 to 5,000 pounds per square inch, depending upon the size and 

make of the dryer. It might also be capable of variable output and 
must be easily cleaned. 

The most satisfactory pump seems to be of the same type as used 
in homogenizers, as described in Chapter XII. As a matter of fact, 
homogenizer pumps are very widely used for this purpose. 

Atomizers. The atomizer is perhaps the most sensitive as well as 
most important part of the spray dryer, for, unless the atomization is 
uniform and very fine, the dryer will have low capacity and the pow¬ 
der will be high in moisture and of low solubility. 

Pressure Atomizer. Most pressure atomizers consist of two prin¬ 
cipal parts, the orifice and the so-called whizzer, which gives the 
stream of fluid a rapid rotating motion as it comes from the nozzle, 
much as the rifling grooves in a pistol whirl the bullet. 

This whirling action of the nozzle greatly increases the atomizing 

power and makes for a finer distribution of the particles. The orifice 

must be smooth and of the proper shape, for only a slight nick will 
cause streaking in the flow of the product. 


*The milk powder contains from 2 to 3 
in the above calculation. 


per cent moisture which is neglected 
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Perfect atomization makes the fluid product appear like a uniform 
fog. It is essential for satisfactory results with a spray dryer. Higher 
pressures give finer dispersion, and lower pressures coarser dispersion. 

It is necessary to replace pressure nozzles very frequently on ac¬ 
count of the severe abrasion of the solid particles of the milk at the 
high velocities and pressures used. Even the hardest nozzles wear 
only a short time. Stellite or Carboloy nozzles give longest service. 

Rotary Atomizer. The rotary atomizer is used on a few dryers 
but not nearly so widely as the pressure type. The rotary atomizer 
consists essentially of an extremely high-speed spinner plate, which 
rotates from 3,000 to 20,000 r.p.m., upon which the product to be 
atomized flows. The rapid whirling action picks up the particles and 
throws them off by centrifugal force, much the same as mud is thrown 
from a wheel. The degree of atomization is dependent largely upon 
the speed of the atomizer. The device has the advantage of being 
practically non-clogging and requires no pressure. The principal dis¬ 
advantages are the upkeep of the high-speed bearings and the fact 
that the direction of the atomized fluid is only in a thin sheet of disk 
shape, which makes it adaptable to only certain shapes of drying 
chambers. 


QUESTIONS 

* 

1. What types of equipment are generally used for condensing milk prod¬ 
ucts? 

2. What are the advantages of evaporation under vacuum? 

3. Sketch the vacuum pan, showing its principal parts. 

4. What different types of condensers are used? Describe each. 

5. What types of vacuum pumps are used? Describe each. 

6. What are the advantages of the wet vacuum system of condensing? 

7. Describe the principle of multiple-effect evaporation. What are its ad¬ 
vantages and disadvantages? 

8. Figure the quantity of steam from and at 212° F. required to evaporate 
10,000 lb. of water from 15,000 lb. of milk. Assume that the milk enters at 
45° F. and is discharged from the vacuum pan at 130° F. 

9. Describe the atmospheric-type drum dryer. 

10. What percentage of moisture usually remains in the dried milk product 
after it leaves the dryer? 

11. Describe the vacuum-drum-type dryer. What are its advantages? 

12. What is the general principle of the spray dryer? 

13. Describe the action of the Rogers dryer. 

14. Describe the action of the Swenson dryer, giving temperatures in various 
parts of the dryer. 

15. What are the advantages of the spray dryer? 

16 . Describe the construction and action of the high-pressure-type atomizer. 
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17. Describe the centrifugal atomizer. 

18. Work out a heat balance for a drying system of the Swenson type, 
assuming that milk enters at 50° F., powder containing 2 per cent moisture 
leaves at 145° F., air is discharged at 120° F., air enters at 300° F. The pumps 
require 45 hp. and are 85 per cent efficient. 
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It is advisable to give the outside and the lids the same treatment 
as the inner surfaces of the cans. 

Principles of Operation of Can Washers. Experience shows that 
certain treatments, as follows, give good results in cleaning milk cans, 
although successful washers may use a different treatment. 

1. Drain out any milk or cream which remains. 

2. Rinse thoroughly with clean, cool water to carry out most 
of the milk film which may remain in the can. 

3. Use some method such as high-velocity warm solution treat¬ 
ment to soak loose or dislodge any material which may adhere 
to the can. 

4. Rinse with relatively clean recirculated hot water. 

5. Follow by a clean, hot rinse of sterile unused water to re¬ 
move all traces of washing solution. 

6. Follow by steaming with dry saturated steam to sterilize. 

7. Follow by treatment with a hot air blast to remove the re¬ 
maining moisture. 

Some changes in the above cycle may be made to meet special 
conditions; for example, cans containing frozen milk of cream may 
need to be heated or thawed as a preliminary operation. 

Large-capacity washers may give two or three successive similar 

treatments at each stage in order to accomplish the desired results in 
the time required. 

Draining of the can is usually accomplished by allowing the can 
to pass in an inverted position over a drip pan before it is rinsed. The 
drip pan collects the milk and directs it into a suitable receiver. 

Rinsing is a simple matter, calling for a good volume of water of 
moderate temperature, which will come in contact with all parts of 
the can. A single jet is often quite satisfactory for this purpose. The 
temperature is normally 60° to 70° F. Care should be taken that the 
water pressure supplied is sufficient to throw a good stream, with con¬ 
siderable force, up into the can. A minimum of 6 pounds pressure is 
required for this, with ordinary jets. 

Washing is one of the most important functions of the machine, 
as well as one of the most troublesome. The removal of all foreign 
material is not easily accomplished on account of the tendency for 
any dried film of milk or cream to adhere tightly to the surface of the 
metal. Cracks or other rough places in the interior of the can are 
difficult to clean. The shape of the can is also a factor, since it is not 
easy to bring the washing medium directly onto some parts, especially 

near the throat. Common methods involve a forced rinsing action 
with a high-pressure jet of washing solution. 
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Much thought and effort have been expended in the attempt to 
develop a suitable jet which would achieve the desired result. Circu¬ 
lation of a large volume of solution is required for the washing opera¬ 
tion j modern washers use as much as 3 to 5 gallons per can per jet. 
Jets have an important place in the washing process, and stoppage 
caused by foreign material collecting in the openings is one of the 
serious difficulties encountered in can washers, since it affects the 
quality of work. 

TABLE L 

Effect of Cleaning Washer upon Bacteria Content of Cans Washed 


Can No. 

Bacteria Count on Cans Passed through Washer * 

Before Cleaning Washer 

After Cleaning Washer 


1 

More than 1,000,000 

8 

2 

More than 1,000,000 

6 

3 

More than 1,000,000 

30 

Ave, 

More than 1,000,000 

14 


Can washer had been operated without cleaning of tanks or jets except for rinsing. Some of the 
jets were completely stopped up. Strainer was also badly stopped up. Cans came through wet and 
unsatisfactory. 

Cleaning consisted of thorough washing of all tanks, disassembly of all jets, and removal of deposit 
from strainers. 

* Bacterial count obtained by plating 1 cc. of 400 cc. of sterile water used for rinsing the can. 

Effect of Stoppage of Jets. It will be noted from Table L that the 
bacterial count taken on cans which had passed through a washer 
when the jets and strainers were dirty and partially stopped up was 
over 1,000,000, while the same washer after a thorough cleaning gave 
cans having an average of only 14 bacteria per cubic centimeter in 
the rinse used. In addition to the marked reduction in bacterial count, 
there was a great improvement in the appearance of the can. The 
washer in question had operated one month without thorough cleaning. 
Stoppage was due to a collection of strings, tags, caked washing powder, 
and hair. In view of the above results, it seems desirable to clean 
out all jets every day. Jets with one or two large openings are not 
so easily stopped up and are more easily cleaned than those which 

have many fine holes. 

The strainer used to prevent foreign material from being drawn 
into the pump also needs occasional cleaning, as it has a tendency to 
collect a heavy deposit, making the flow of solution through it rather 
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difficult, which in turn means that the volume at the jets will be re¬ 
duced. 

Effect of Solution Temperature. The temperatures of solutions 
are of importance since, if they are too low, the solvent power of the 
solution is not sufficient to dissolve the material adhering to the sur¬ 
face of the can, and if they are too high, a milk stone deposit may be 
left on the cans. It has been found that the washing solution contain¬ 
ing washing powder works quite satisfactorily at temperatures of 
150-160° F. The rinse, if used at a temperature of 170-190° F., is 
usually satisfactory, since it contains practically no solids, and the 

cans are quite clean before coming in contact with it. 

The data in Table LI, taken by the author at the University of Cali¬ 
fornia, show the relative temperature of milk cans at different stages 
of their travel through a continuous can washer. Temperatures were 
measured with a maximum recording thermometer placed in a pocket 
soldered to the side of the can. 

TABLE LI 


Relative Temperatures of Milk Cans at Various Stages of 

Treatment in a Washer 


Wash 

Solution, 

°F. 

Sterilizing 

Solution, 

°F. 

Steam 

Pressure, 

pounds 

Can Tem¬ 
perature, 
°F. 

Position 
of Can 

162 

194 

76 

63 

Enter 

164 

197 

72 

65 

First rinse 

163 

200 

69 

140 , 

First wash 

162 

198 

69 

164 

Second wash 

160 1 

196 

69 

180 

Sterile wash 

160 

192 

69 

184 

Wet steam jet 

160 

190 

69 

183 

Dry steam jet 

160 

190 

69 

180 

Air dryer 


Water temperature, 67° F,; hot air temperature, 226° F. 


Examination of the data in Table LI shows that the can tempera* 
ture follows quite closely the changes in temperature of the solution. 
The washing solution was at 163° F., and the can temperature after 
treatment in the first jet was 140° F.; after passing the second jet it 
had reached 164° F., being slightly higher than the temperature of the 
jet. This was, no doubt, due to the splash of some of the sterile 
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wash at 198° F. coming in contact with the can. After the sterile wash 
at 196° F., the temperature of the can was 180° F. 

The importance of maintaining proper temperatures of the solu¬ 
tions is further emphasized by the fact that, the hotter the cans when 
they leave the solution jets, the less heat is required for steaming and 
drying. 

Maintenance of Washing Solutions. One of the problems in the 
efficient operation of a modern can washer is that of maintaining the 
washing solution at the proper strength. This problem is brought about 
by the constant dilution of the washing solution by splashing of water 
within the machine and from direct carry-over in some makes of 
machines, giving a continuous dilution of the wash tank with water 
from the sterilizing tank. 

Several makes of automatic washing-powder dispensing equipment 
are on the market. Some of these operate on the principle of dis¬ 
solving cakes of washing powder at a predetermined rate which may 
be adjusted, and adding this strong liquor to the wash tank. A device 
of this kind, even though not perfectly accurate, is often times of great 
assistance in obtaining better performance of the can washer. A device 
for automatic feeding of acid cleaners is used on washers that use these 

cleaners. 

Washing Powders. The subject of the proper washing powder or 
water treatment for a can washer is one that deserves much attention. 
It is, however, a chemical problem rather than an engineering problem, 
and reference should be made to standard works on the subject. The 
type of water is perhaps the most important factor, and a washing 
powder or water treatment should be selected which is adapted to the 
particular water being used. No blanket recommendations are of 
much value, except to state that it is very important to keep the 
solution strength at the proper point, and further, that the use of a 
base-exchange-type water softener is perhaps one of the most satisfac¬ 
tory methods of treating water in general, where it is to be used for the 
can or bottle washer. Many plants have found such a water-treating 
device pays for itself in a very short time, not only for use in con¬ 
nection with the can washers but also for boiler feedwater and for 
general washing throughout the plant. The reader is referred to the 
section on feedwater treatment in Chapter VII, in connection with 
boilers and to Chapter XX for further information on this system. 
The use of a water softener greatly decreases, or in some instances 
entirely eliminates, the need for special washing powders, and at the 
same time allows the temperature of the washing solutions to be car- 
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ried much higher than normal, with consequent increased washing and 

sterilizing efficiency on the part of the can washer. 

Standards for Milk-Can Sterilization. The American Public Health 
Association indicates that a satisfactory sterilized can and cover should 
have no more than 40,000 colonies for 40-quart cans, 20,000 for 20-quart 
cans, and 10,000 for 10-quart cans. In many of the well-operated 
plants, results much better than this are readily obtained. 

Can-Washer Cleaning. In order to prevent heavy scale formation 
in washers, either soft water from a base-exchange type or other ef¬ 
ficient water softener, and also an alkaline cleaner that provides an 
adequate amount of hardness-sequestering agency are recommended. 

For washers that are badly scaled, it is possible to remove the scale 
by use of an inhibited acid. The usual method is to fill a solution tank 
about one-third full of water and add 2 gallons of inhibited 20° Baume 
hydrochloric acid for each 10 gallons of water. This solution should 
then be heated to a temperature between 120 and 140° F. and cir¬ 
culated through the pump and circulating system until the scale is 
removed. 

After the descaling has been completed, the washer should be thor¬ 
oughly rinsed with lukewarm water to remove any acid that might be 
in the washer. 

The tank should then be filled with an alkaline washing-powder 
solution and operated for 15 or 20 minutes in order to neutralize com¬ 
pletely any remaining acid. 

All the above operations should, of course, be performed with auto¬ 
matic valves tied down so that they will be open during the circulation 
of the various solutions. 


Steaming of Cans. Steaming of cans usually follows the washing 
and sterile rinse treatments. In some washers, a wet steam treat¬ 
ment is applied first, and this is followed by an application of dry 
steam. The wet steam heats the can quickly and efficiently, as will 
be shown later; the dry steam leaves the can with the minimum 


amount of moisture to be removed by the drying apparatus. 

The object of the steaming process is twofold, the first being to 
sterilize, and the second to raise the temperature of the can so that it 
can be easily and quickly dried by a jet of hot air. In the continuous 
washer, the time allotted for each process is necessarily short and 
therefore, all treatments must be so coordinated that they assist one 
another. Thus if the washing treatment leaves the can hot at the 
time it enters the steaming compartment, the steaming will be more 
e ective; in the same manner, if the steaming process leaves the mini- 
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mum amount of water in the can, the drying process is materially 
hastened. 

Principal Properties of Steam Which Affect Can-Washing Opera¬ 
tions. The temperature, heat content, and moisture condition of 
steam greatly influence its effectiveness in can washers. 

Steam may be either wet, dry-saturated, or superheated. Wet 
steam contains free moisture; for instance, steam which has 4 per 
cent moisture contains free water to the extent of 4 per cent by weight. 

Dry-saturated steam contains just enough heat to change all its 
particles into vapor. If it lost any heat, moisture would condense. It 
always has a certain temperature for a given pressure. 

Superheated steam is dry and contains more than enough heat to 
change all its particles into steam. It can lose some heat without 
condensing, and it has a higher temperature than saturated steam at 
the same pressure. 

Temperature of saturated steam increases with pressure, and vice 
versa. Steam at atmospheric pressure has a temperature of 212° F.; 
at 100 pounds gauge pressure it would have a temperature of 337.9° F. 

Saturated and wet steam may be the same temperature at a given 
pressure, as shown in Table LII, but superheated steam is higher in 
temperature. Thus, at 100 pounds gauge pressure, the temperature of 
saturated and wet steam is 337.9° F., whereas for superheated steam 
having 100° F. of superheat the temperature would be 437.9° F. It 


TABLE LII 


Relationship of Quality of Steam to 

Its Temperature 


<p 

Kind of Steam 

Temperature at 100 lb. 
Gauge Pressure, °F. 

Wet 

337.9 

Saturated 

337.9 

Superheated 100° F. 

437.9 

Superheated 200° F. 

537.9 


follows that low-pressure wet or saturated steam is perhaps just as 
good as or better than superheated steam if only relatively low tem¬ 
peratures are required, but that for high-temperature work higher 

pressure or superheating is required. 
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In respect to heat content, wet steam, dry steam, and superheated 
steam contain progressively greater amounts of heat per pound of 
steam, as indicated in Table LIII, which shows the “total heat” of 
steam of various quality at 100 pounds gauge pressure. 


TABLE LIII 


Relationship of Quality of Steam to Its 
Total Heat Content Above 32° F. 


Quality of Steam 

Total Heat, B.t.u. per 
lb. at 100 lb. 
gauge pressure 

10 % moisture 

1,101.7 

Dry saturated 

1,188.8 

100 ° F. superheat 

1,243.1 

200 ° F. superheat 

1,293.00 


Moisture in steam is of great practical significance; as has been 
mentioned previously in connection with drying of cans, wet steam, 
since it contains moisture originally, if used for the final steaming 

will leave the can wetter, whereas dry steam leaves a much smaller 
amount of moisture. 

Effect of Steam Pressure. The effect of steam pressure on the 

rate of heating is shown in Fig. 163. This illustrates graphically typi¬ 
cal curves obtained with saturated steam when the pressure was 20, 
40, and 60 pounds, respectively, on the 0.25-inch nozzle. The rate of 
heating was markedly slow when pressure was only 20 pounds, and 
there was not much difference in the rate between 40 and 60 pounds 
pressure. This indicates that, with the 20-pound pressure, steam was 
not admitted fast enough to maintain the saturation temperature of 
the steam within the can during the first 40 seconds, whereas with both 
the 40- and 60-pound pressures the temperature was maintained prac¬ 
tically after the first 20 seconds. It shows that equilibrium in all cases 
was finally reached at a point of approximately constant temperature. 

These data are of practical significance because they emphasize 

the necessity for a sufficient volume of steam at the jet to bring the 

can temperature quickly to the proper point. Partially plugged jets 
prevent proper heating of the cans. 

The effect of quality of steam upon rate of heating is shown in 
JMg. 164 and also by data obtained at the University of California. 
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Steam pressure was 40 pounds; the quality varied from wet to 
superheated; and the orifice was 0.25 inch. It is interesting to note 
that the rate of warming of the cans was very nearly constant for the 
steam of different quality during the first 15 seconds, although the very 
high-temperature superheated steam showed somewhat more rapid 
heating during the first 13 seconds. From these data it is clearly shown 
that wet or saturated steam heats more readily per degree temperature 
difference between it and the can than superheated steam does; how¬ 
ever, the superheated steam will give a higher final temperature if the 
treatment is maintained long enough. The transmission of heat from 
wet steam to metal is better than from superheated steam to metal. 



Fig. 163. Effect of Steam Pressure 
on a Steam Jet upon the Rate of 

Heating of a Can. 


200 


150 



EFFECT OF QUALITY OF STEAM 

ON 

RATE OF HEATING OF CAN 

Steam Pressure 40 lbs. 
Weight of Can 24 lbs, 

^! .-Wet Steam 

2. *Dry Saturated Steam 

3. ‘Superheated Steam temp,*320 F, 

4. - *• •• temp. - 4 60^ F. 

5. - *■ " temp.*580° F. 


20 30 

Seconds 


50 60 


Fig. 164. Effect of Quality of Steam 
on the Rate of Heating of Milk 

Cans. 


Uniformity of Heating of Cans. The uniformity of heating of the 
can over steam jets is important, and tests conducted at the University 
of California by the author using a plain %-inch orifice showed that 
the difference in the rate of heating is not great, but the most rapidly 
heating part is in the corner near the junction of the can bottom and 
side. This seems natural, since it is where the condensate, which is 
practically as hot as the steam, will tend to concentrate during the 
steaming process. 

The breast of the can heated least rapidly, evidently because radia¬ 
tion from this part of the can is quite marked. The temperature var¬ 
iation of the can metal amounted to 14.6° F. at the end of a 15-second 
steaming period but only 5.7° F. after a 30-second period. 

From the foregoing it appears desirable that the first steaming of 
the can should be done by wet steam and that this should be followed 
by dry steam, in order to leave the minimum amount of moisture in 
the can, as an aid to the drying process, also that an appreciable 
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length of time is needed for uniform heating of the can by means of 
steam. 

Drying of Cans, Drying of cans is one of the most important 
functions of the continuous washer since with most washers the lid is 
placed on the can immediately after it comes from the ma'chine and 
there is, therefore, no opportunity for natural removal of moisture by 
evaporation. Lack of thorough drying may cause bad odors and high 
bacteria counts in cans after they have stood for a while. 

The drying operation is usually performed by passing a jet of air 
into the can. Moisture in the can is absorbed by this air and carried 

out. 

The moisture-absorbing power of air is largely controlled by its 
temperature and humidity. The hotter the air, the more moisture it 

will hold or absorb. Figure 165 shows that, at 32° F. and at 14.69 



pounds absolute pressure, 1 pound of air holds only 0.00374 pound 
of moistuie, whereas at 175° F. it will hold 0.50 pound. If the curve 
were extended to 202° F., it would indicate 2.85 pounds of moisture 
per pound of air, thus illustrating the greatly increased drying power 
of warm air as compared to that of cold air. 

The relative humidity of the air is important, for, if this is 100 
per cent, the air is saturated and will hold no more moisture whereas 
if the relative humidity is 50 per cent the air will absorb an amount 
equal to that already held. In most washers the air is heated bv 
means of a finned-type steam coil and blown up into the can through 
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jets from 2 to 3 inches in diameter. Temperatures attained at the 
nozzle have been found to be from 180° to 300° F. Higher tempera¬ 
tures could be attained by means of larger heating coils and higher- 
pressure steam. The steam coil should be fitted with a trap to re¬ 
move moisture of condensation from the coils automatically as rapidly 
as it is formed. 

The air intake to the blower should, of course, be located in a 
place which will allow only clean, relatively dry air to be drawn in. 

The final air-drying treatment in one make of washer consists of a 
cold air jet. 

It has been found by experiment that the drying process is facili¬ 
tated if the cans are at a high temperature and are relatively free 
from water at the time they enter the drying compartment. This was 
shown in a practical way by the improvements in drying noted by 
the use of high-temperature solutions and steam. 

The lids of the cans are perhaps more difficult to wash and dry 
than the cans themselves, because of their irregular surfaces. They 
are usually given the same treatments accorded the cans on rotary 
washers. Frequently the bead on the rim of the can lid will hold a 
considerable amount of water which drops into the can when the can 
and lid are removed from the machine. 

Tests at the University of California by the author showed that, 
on a rotary washer, 9.5 grams of water dropped into the can when 
standard plug-type covers were used but only 1.13 grams with um¬ 
brella-type lids. Most modern washers have provision for thoroughly 
washing and drying the lids. 

Some machines are so made that water splashes from jets, tops of 
cans, can beads, or lids and falls into the cans, thus preventing a 
good job of drying. These should be avoided if possible. 

It is well known that, if a hot can is left standing upright for a 
few minutes with the lid off, most of the moisture will evaporate from 
the surface. Tests at California, see Table LIV, showed that the mois¬ 
ture remaining in a series of cans was 2.150 grams when the lids were 
placed on immediately, as compared to 1.962 grams when the covers 
were left off for 1 x / 2 minutes. Some operators let open cans run out 
into a roller conveyor with the lids attached by means of a chain, and 
then periodically replace a series of covers after allowing time for 
the cans to dry out. Some operators who unload the washed cans 
and lids by hand have acquired the habit of shaking the moisture off 
the lid of the can .in such a manner as to prevent its falling into the 
can. These practices are good. Most modern straight-away washers 
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replace lids automatically at the washer, however, and the drying 
must be complete at the time the can leaves the washer, except in 
those in which the can is allowed to aerate for an instant. 

Power Requirements of Washers. The power or energy used by 
most washers is supplied by one or all of the following: steam, water, 


and electricity. The steam is used for heating the solutions and 
steaming through jets; it may also be used for operating a steam pump 


TABLE LIV 

Moisture Remaining in Smooth and Rough Cans after 
Passing through a Washer; Also the Effect of Leaving 
Lids off for a Period of Time to Allow Moisture to 

Evaporate 


Condition of Can 

Grams of Water 
Retained in Can 

(a) Cover on immediately.. 

2.150 

Cover on 134 minutes after removal 
from machine. 

1.962 

(b ) Sinooth can. 

1.6111 

2.1500 

Average can.. 


(a) Aa affected by time of placing lid. 

(b) As affected by smoothness of inside of can* 


for circulating solutions, and for driving the air-drying apparatus. 

Water is used primarily for rinsing cans and replenishing the sup¬ 
ply of liquid in the solution tanks to take the place of that lost in 
the overflow. 

Electric power is used to circulate the solution and the air for 
drying. 

The energy consumed by a washer is of considerable economic 
importance, as shown by Table LV, which gives results of tests by 

the author conducted in California on a number of can washers of 
different makes. 

The steam requirements of the washers as shown in the table, 
though not strictly comparable on account of differences in capacity! 
yet show several important points. First, types A and D, which had 
steam-driven pumps, were highest in total steam consumption, requir¬ 
ing 66 and 72.75 boiler horsepower, respectively. The steam required 
per can was also high, being 5.447 and 4.58 pounds. Washer E, which 
had “steam jets” for circulating the solution, was also high in steam 
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consumption, as will be noted, washers B, C, and F all used motor- 
driven pumps and their steam consumption was only 1.84, 2.17 and 

* W 

3.64 pounds per can, respectively. It should be noted that type F 

washer used continuous jets which remained on at all times. It was 

an old-fashioned machine. The other machines were all of the inter¬ 
mittent jet type. 

The water consumed by the washers varied from 0.85 to 4.068 
gallons per can washed. Type A took a large amount of water for 

TABLE LV 

Steam, Water, and Electricity Consumed by Various Can Washers 

under Commercial Conditions 


Type 

Washer 


A 

B 1 

B 

C 

D 

E 

F 


Cans per 
Hour 
Capacity 


360 

385 

385 

240 

600 

300 

600 


Cans per 
Hour 
Actual 


360 

140 

385 

240 

495 

264 

403 


Pounds of 
Steam 
per Can 


5.447 

5.19 

1.84 

2.17 

4.588 

5.59 

3.64 


Boiler 
Horse¬ 
power to 
Operate 


66.00 

24.20 

23.60 

17.45 

72.75 

47.08 

43.17 


Water 
Used 
per Can, 
gallons 


3.61 

0.85 

0.85 

1.93 

2.72 

4.068 

1.08 


Kilowatt- 

Hours 

per 

100 Cans 


0.2710 
1.4800 
0.9240 
0.8430 
0.0453 
0.0795 
2.3600 


Type Description 

A Rotary, with steam pump and rising intermittent jets, 

B Straight-away with motor-driven pumps and stationary intermittent steam and water jets, water 
jets being on only when can is in correct position. 

B l Type B washer operated at part capacity, 

C Rotary, with motor-driven pumps and stationary intermittent jets. 

D Straight-away, with steam pump, and rising intermittent steam jets. 

E Straight-away, with steam-driven pumps, intermittent jets. 

F Straight-away, with motor-driven pump and continuous steam jets. 


cooling the wash solution (which was heated by exhaust steam from 
the pump). This was necessary in order to make the pump work, 
since the supply of heat from the exhaust steam was so great that it 
heated the solution to near the boiling point, thus preventing the solu¬ 
tion from being drawn into the pump. Perhaps a device to by-pass 
a part of the exhaust steam would overcome this difficulty. Type E 
used a larger amount of water because of the practice of supplying 
fresh water each time to several of the large jets. 

The electricity consumed varied from 0.079 to 2.36 kilowatt-hours 
per 100 cans washed. The types using steam-driven pumps required 
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negligible amounts of electrical power for operation of the carrier, 

which was the only part electrically driven. 

Operation at part load greatly increases the cost of operation per 
can, as will be noted in a comparison of lines B and B l 2 3 4 5 6 7 8 , Table LV, 
B l giving results obtained under slightly less than half load. The 
average steam consumed per can was increased from 1.84 to 5.19 
pounds, the water was not increased, but the electricity was increased 
from 0.9240 to 1.48 kilowatt-hours per 100 cans. These figures were 
obtained from a washer which had automatic opening valves on the 
steam and water jets. Those on the steam jets opened for a certain 
length of time regardless of the presence of a can; the water jets 
opened only when a can was present. This increased cost of operation 
per can is due largely to the fact that the heat losses go on just the 
same when a washer of this type is running empty as when it is at 
full load. It should be noted that the automatic water valve which 
opened only when a can was in position saved practically all waste 
of water. 

The distribution of steam required to operate a typical washer is 
shown in Table LVI. This is of interest because it shows where sav¬ 
ings might be made by the use of jets which operate only when the 
can is in position to be steamed. Thus the sterilizing nozzle requir¬ 
ing 102.84 pounds, the steam jet with 61.43 pounds, and the sterile 
rinse with 184.6 pounds, controlling 348.87 pounds out of the total of 
533.64, might be shut off under such conditions and make a saving 
in steam. The temperatures of the solutions and air should be main¬ 
tained by the remaining 174.77 pounds. 

Care of Can Washers. The care of a washer consists of maintain¬ 
ing rigid cleanliness, proper adjustment, and periodic inspection. The 

« 

following points, if attended to regularly, should insure satisfactory 
operation: 

1. Keep the washer clean. 

2. Use plenty of high-pressure steam. 

3. Keep all jets open and working properly. 

4. Keep strainers clean. 

5. Keep washing solution at proper strength. (An automatic 
alkali feeding device is very helpful.) 

6. See that all automatic opening valves function properly. 

7. Take the air through intakes placed in a dry, clean place. 

8. Use good thermometers on all important solutions, and be 
sure that such solutions are at the proper temperatures during the 
operation of the machine. 
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9. Keep the machine well painted where possible, and treat 
all shafts with a grease coating to prevent corrosion. 

10. Keep all moving parts well lubricated. 

TABLE LYI 

Steam Requirements of Various 
Parts of a Washer Having a Ca¬ 
pacity of 240 Cans Per Hour, Using 
Motor-Driven Pumps and Inter¬ 
mittent Jets 


Part of Washer 

Steam Flow, 
pounds per hour 

Sterilizing nozzle 

102.84 

Air heater 

73.80 

Steam jet 

61.43 

Sterile rinse 

184.60 

Heat water 

110.97 

Total 

533.64 


Selection of Washers. In selecting a can washer, it is essential to 
analyze carefully the individual plant requirements to determine: 

A. Capacity. 

B. Load factor. 

C. Quality of drying necessary. 

D. Space requirements. 

E. Boiler capacity available. 

F. Relative cost of steam and electricity. 

G. Method of handling cans for most economical results. 

H. Man power available. 

If possible, the machine should be of sufficient capacity to handle 
all ordinary runs and yet maintain a high load factor, which is essen¬ 
tial for economy of operation. This can sometimes be obtained by 
storing cans until all are ready to wash. Such practice has its dis¬ 
advantages, however, since it requires extra can-storage space, and 
also makes it impossible for the patron to take away his cleaned can 
immediately. 

The boiler should be large enough to furnish sufficient steam for 
the washer at the required pressure, in addition to other requirements 
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of the plant. In this connection, it might be possible to use a washer 
with motor-driven pumps where an entire steam-driven outfit would 
be out of the question. The relative cost of steam and electricity 
is an economic question which might determine whether the all-steam- 
driven or steam-electric-driven washer would be better. 
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Courtesy of The Creamery Package Mfg. Company , 


Fig. 166. Arrangement of Jets for Different Treatments in a Typical Rotary 

Can Washer. 

Treatments start with the pre-rinse and follow in succession clockwise around 
the washer as shown, with the hot-air treatment last. 


The method of handling cans is important, as with some types of 

washers a continuous transfer system is possible whereas with other 

types it is necessary to stack the cans and put them into and remove 
them from the washer by hand. 

The question of man power and cost of labor is also important, 
since with some machines only one man is required for dumping and 

washing and unloading, as compared with two or three required under 
other systems. 

The washer should be as simple in construction as is consistent 
with good performance. It should be sturdily built of durable mate¬ 
rial. Galvanizing of parts is sometimes advantageous. The product 
should be a sterile and relatively dry can. 
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Commercial can washers are made in two types, namely, the rotary 
and the straight-away. 

Rotary Can Washer. The rotary can washer, Fig. 166, usually 

carries the cans on a large rotating table or carrier; it is quite simple 

in construction. It will ordinarily handle battered and out-of-shape 

cans without trouble, that is, the cans will not fall over and stop the 

machine. The smaller sizes are compact and easy for one man to 
load and unload. 

Straight-Away Can Washer, The straight-away type, Fig. 167, 
usually carries the can through the washer by means of a ratchet drive 
which at regular intervals shoves them ahead from one position to 
the next. Difficulty is sometimes caused by misshapen cans which fall 
over and clog the machine. This type has the advantages that it is 
usually quite accessible for cleaning and fits into a continuous trans¬ 
fer system which sets the cans out on a roller conveyor and replaces 
the lids, thereby saving labor and time in operation. Nearly all large 
washers are of the straight-away type. 

Can washers may use motor-driven centrifugal pumps, steam- 
driven pumps, or “steam jet” for circulating solutions. Motor-driven 
centrifugal pumps are popular for circulating washing and rinsing 
water because of their simplicity, dependability, and economoy of op¬ 
eration. The pressures range from 6 pounds per square inch upwards. 

The jet type of circulating system uses a steam jet on the principle 
of the ejector to force sterile rinse water into the cans. It has the 
advantage of great simplicity. The principal difficulty with the steam 
jet is that it may “lime up” at the nozzle and thus reduce the capac¬ 
ity. However, this is not a serious disadvantage since the nozzle can 
be easily cleaned. 

Jets may be classified as intermittent or continuous; stationary 
or rising; or a combination of these, as rising-intermittent. 

The tendency seems to be to have very few continuous jets except 
those for air and washing solutions. In most washers of late type 
flow is intermittent for all water, live steam, and solution jets in 
order to effect economy of operation when cans are not being treated. 
The jet is “on” for only a few seconds while the can is actually in 
place, or, in some intermittent types, for a regular number of seconds 
during the minute. The latter does not save as much steam as the 
former, but may be preferable from a mechanical standpoint. The 

type which opens only when a can is over the jet makes a consider¬ 
able saving in a plant where the cans are washed in intermittent 
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batches. Numerous ingenious special types of jets have been de¬ 
veloped for special purposes; for instance, one washer makes a so- 
called sterile rinse by passing a steam coil through the solution tank 
and then shooting the condensed steam into the can to give a high- 
temperature wet steam treatment just before final steaming with dry 
steam. 

The “Conservation Washer.” The so-called conservation washer, 
built by the Lathrop Paulson Company, has a number of features which 
distinguish it from most of the other standard washers for milk cans. 

Reference to Fig. 162, which illustrates this washer, shows that it 
employs an acid cleaning solution instead of the usual alkaline solution 
for the main washing operation. Note also that it operates with this 
wash solution at a temperature of 180 to 200° F. on the pump rinse, 
which is considerably higher than that normally used with alkali-type 
washing solutions. A further important difference is that a very hot 
water (over 212° F.) is used as the final heat treatment before drying, 
instead of the usual live-steam treatment. 

The manufacturer claims as a result of these features that the 
amount of steam required to operate the washer is considerably less 
than would be required if live steam were used for steaming the cans, 
also that there is much less cost of upkeep on the washer due to elimi¬ 
nation of alkali deposits. This manufacturer also recommends the use 
of a rising jet with whirling nozzle. 

Some of the operating characteristics of a 14-can-per-minute washer 
of this type are: 


Number of treatments 

10 

Wash pump capacity 

300 g.p.m. 

Wash pump pressure 

25 lb. 

Rinse pump capacity 

80 g.p.m. 

Rinse pump pressure 

17 lb. 

Sterile rinse capacity 

10 g.p.m. 

Air temperature (100 lb. steam pressure) 

255° F. 

Air drying 

1,800 c.f.m. 

Boiler Hp. (at 100 lb. steam pressure) 

23 


Weigh Cans and Receiving-Room Equipment. The receiving-room 
equipment, such as dump vats, weighing apparatus, sampling equip¬ 
ment, and the can washer, are all engineered to form a smooth working 
unit in the dairy plant. Figure 168 shows a typical dump tank and 
receiving-room set-up. Some plants use automatic weighing apparatus. 
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3A Standards for Weigh Cans and Receiving Tanks to Be Used 
for Raw Milk 

A. CAPACITY OF RECEIVING TANK 

1. The maximum capacity of the receiving tank, when receiving 
milk from a single-compartment weigh can, shall not exceed three 
times the capacity of the weigh can, but in no case shall it exceed 

3,000 pounds. 

2. The maximum capacity of the receiving tank, when receiving 
milk from a double-compartment weigh can, shall not exceed twice 
the combined capacity of the two compartments of each of the 
weigh cans, but in no case shall it exceed 3,000 pounds. 

B. MATERIAL. The material used for bodies, strainers (except 
punched-plate), conduits, and covers shall be not less than 16 U. S. 
standard gauge, 18-8 stainless steel, with a carbon content of not more 
than 0.12 per cent; except that when the capacity of the weigh can 
exceeds 700 pounds, the material of the tank shall be not less than 
14 U. S. standard. The weld area and deposited weld metal shall be 
as corrosion resistant as the parent metal. The inside surface shall be 
at least as smooth as a No. 4 mill finish on stainless-steel sheets. 

C. FABRICATION 

1. Welds. All joints and seams shall be welded. All joints 
shall be located so as to permit the grinding and polishing of the 
weld. The finish of the weld shall not be less than that of the 
adjoining metal. 

2. Construction. For the purpose of this standard, the following 
definitions apply to the body of the can or tank: 

a. An inside corner is one formed by the junction of two or 
more plane surfaces, where the included angle(s) is (are) less 
than 150°. 

b. An outside corner is one formed by the junction of two or 

more plane surfaces where the exterior angle(s) is (are) more 
than 210°. 

c. The milk zone is the entire inner surface of the can or 
tank, and the under side of the cover. 

1. Minimum Radii. All inside corners of the bodies in the 
milk zone shall have radii of not less than % inch. Inside 
corners of strainers and covers shall have radii of not less than 


358 


DAIRY ENGINEERING 


Vs inch. All junctions of heavy bars or plates, as in grids, shall 
have radii of not less than % inch. Junction of bars or rods, 
used as braces with the body of can, tank, or cover, shall have 

radii of not less than % inch. There shall be no sharp external 
edges. 

2. Bracing. The material shall be of such gauge, or so 
braced, as to provide plane surfaces free from depressions, in¬ 
dentations, or bulges which prevent drainage when the pitch is 
not greater than 1 inch in 50 inches. 

3. Splash Grids, Levers, Rods, Etc. All operating parts in 
the milk zone shall be made of stainless steel or dairy metal and 
shall be removable for cleaning. There shall be no threads in 
the milk zone. 

4. Legs. Legs shall be adjustable and with rounded ends. 
If of hollow stock, they shall be sealed and shall be of sufficient 
size and spacing to carry the tank when full and to raise the 
lowest point of the milk outlet at least 2 inches above the floor. 
Leg and socket exteriors shall be corrosion-resistant or painted, 
shall have no exposed threads, and shall be readily cleanable. 

D. OUTLET VALVES. The outlet valve (s) disk of the weigh can 
and its operating mechanism shall be entirely removable for cleaning, 
shall have no threads, and shall have no inside corners with radii of 
less than % inch. The material of the outlet valve and seat shall be 
of stainless steel or dairy metal. 

The outlet of the receiving tank shall be of sanitary construction 
readily cleanable, and shall comply with 3A Sanitary Standards for 
fittings. 

The exterior body of a vertical outlet valve shall be protected with 
a sloping drip guard or skirt to prevent entrance of liquids or foreign 
matter into the receiving tank or into milk. 

E. CONDUIT. When a vertical conduit is used between the weigh 
can and the receiving tank it shall be provided with a skirt or sloping 
drip deflector of sufficient radius to extend over the opening in the cover 
of the receiving tank, irrespective of the position of the conduit with 
respect to the center of said opening. In case of a close connection, the 
weigh-tank valve deflector shall be considered sufficient if said deflector 
is not more than 6 inches from the receiving-tank cover. The drip 
deflector shall be located as near to the receiving tank cover as the 
maximum vertical travel of the weigh can permits without contact 
therewith and still provide room for removal of the conduit. If the 
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conduit consists of two vertical sections, both sections shall be pro¬ 
vided with drip deflectors, the one on the upper portion being located 
effectively to protect the sleeve joint. If the location of the drip de¬ 
flector interferes with the assembly of the conduit, the deflector may 
be removable, provided the design of the conduit is such that drip can 
at no time pass between the conduit and the removable deflector. 

Conduits shall be designed and constructed so that the entire in¬ 
terior surfaces are accessible to sight and for cleaning, that is, that all 
bends are removable, and that no section is more than 36 inches long. 


F. WEIGH-CAN STRAINER. The weigh-can strainer shall be 
removable, and the bottom shall be above the level of the rated 







Fio. 168. Typical Receiving Room Arrangement, Including Dump Can Scale 

and Weigh Tank. 
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capacity of the weigh can. The straining area shall consist of punched 
metal, of not less than 14 U. S. standard gauge, with a selvage of not 
less than % inch, with no perforations within % inch of the edge. The 
perforations in the strainer shall be % 0 inch in diameter, and the 
burrs shall be removed. 

G. COVERS. Covers shall be provided and shall be designed and 
fitted to prevent the entrance of liquids or foreign matter into the weigh 
can, strainer, hopper, or receiving tank; i.e., they shall be sloped to 
provide drainage from the surface, and fit over the edges of the parts 
they cover. The cover of the weigh can shall be provided with an 
opening for sampling. All openings in the covers shall be flanged up¬ 
ward at least % inch; and if not continually in use shall be provided 
with covers that fit over the flanges. 

Rods or other functional parts that operate through the cover 
shall be provided with drip deflectors located to provide maximum 
effectiveness. 

The strainer hopper cover shall be separate from the weigh-can 
cover. 


Sterilizing Equipment for the Dairy Plant. The degree of steril¬ 
ization required of milk-handling equipment depends upon the type 

of product and the length of time it is to be kept. However, if, like 
evaporated milk, the product must be kept for several months, it must 
be absolutely sterile. To achieve this, not only must the equipment be 
kept clean, but also the product itself must be sterilized by subjecting 
it to a sterilizing temperature for a sufficient length of time to accom¬ 
plish the result. 

For this purpose, sterilizers have been developed which subject the 
product and sealed container to a temperature of 240° to 270° F. for 
15 to 30 minutes. In the Anderson-Barngrover type the cans are car¬ 


ried through a spiral path inside a closed drum, which is filled with hot 
water and steam under pressure, and after a certain period of time are 

ejected on the opposite end. 

Sterilizing Procedure. For sterilizing equipment normally used in 
handling dairy products, wet live steam is found to be about the best 
for general purposes. Sterilizing should always be done after thorough 
washing of the equipment. A simple way of steaming pipes is to blow 
steam through them. It is not effective to blow steam against the 
outside of a cooler, for example, as most of the heat is lost to the 
atmosphere. Scalding water, however, does sterilize very effectively 
when it is flowed over the surface of dairy equipment. 
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Some plants sterilize more efficiently by placing their equipment 
in a pressure sterilizer which can be raised to a high temperature. 
Reference to Table XXIII shows that, with a pressure of 10 pounds, 
the sterilizer temperature will be 239.4° F. The laboratory autoclave 
is an example of this type of sterilizer. 

Dairy-Farm-Equipment Sterilizers. Many dairymen use a steam 
sterilizer on the farm for utensils and cans. Very satisfactory results 

are obtained if proper care is taken. 

The hot-air sterilizer is also quite frequently used and gives good 
results. It is really a humidified hot-air sterilizer, for the moisture 



Fig. 169. Method of Placing Equipment in an Electrically Heated Hot-Air 

Sterilizer. 

on the utensils is changed to steam by the heat. Figure 169 shows the 
method of placing utensils. 

Milk Cans. Most of the milk cans used in the United States today 
are of tinned-steel construction. They are made in three standard 
sizes. 20-quart, 32-quart, and 40-quart capacity, with weights varying 
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from about 12 % to 15 pounds for the 20-quart can, from 20% to 23 
pounds for the 32-quart can and 22% to 25 pounds for the 40-quart can. 

The 20-quart cans are usually made with a 6%-inch diameter neck, 
and the 32- and the 40-quart cans are made with a 7%-inch diameter 
neck. 

There are a number of different types of construction, the soldered 
type and the so-called solderless or welded type. A limited number of 
stainless steel cans have been built, but their cost is so high that they 
have never been widely used. In Europe, aluminum cans are quite 
common. 

In addition to the standard one-piece cover it is possible to obtain 
a so-called umbrella-type cover, which is considered somewhat more 
sanitary. 

Milk Transportation. Milk is ordinarily transported from the farm 
to the country receiving plant or to the local milk plant in milk cans, 
usually of 10-gallon capacity. However, in some parts of the country, 
bulk handling methods are now in use. With this system, the milk is 
carried by sanitary pipeline from the barn to the milk house, where 
it is dropped into a cold-wall storage tank. This tank is designed to 
cool the milk rapidly down to a temperature of 38 to 40° F. A pick-up 
truck of sanitary-type construction calls at the farm once per day and, 
by means of a special type pump and sanitary hose, draws off the 
milk and transports it in bulk to the receiving station. 

The truck driver measures the quantity of milk in the cold-wall 
tank by means of a measuring rod. The hauler also takes a composite 
sample of the milk in the farmer’s tank and carries it to the laboratory 
for analysis. This bulk-handling method reduces the labor of handling 
milk on the farm and between the farm and the receiving station, and, 
in most instances, has resulted in an improved bacteria count. The 
system is not so flexible as that where 10-gallon cans are used, but in 
areas where there are relatively large producers, it is anticipated that 

this system will grow in popularity. 

Transportation of the milk from the farm or from the receiving 

station to the city milk plant is usually by means of a tank truck or by 
a tank-type railroad car. 

The use of tank trucks greatly reduces the loss of milk through 
adhesion, since adhesion amounts to only about one-quarter as much 
as when milk is carried in 10-gallon cans. Such items as can repairs, 
replacement, and cleaning costs are also eliminated. A further advan¬ 
tage of the handling in tanks rather than cans is that there is much 
better temperature control and improved sanitation. 
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The usual railroad tank car is constructed with 2,000-, 3,000-, or 
4,000-gallon stainless-steel or glass-lined cork-insulated tanks. The 
milk is pumped into these tanks at temperatures of 33 to 40° F., and 
usually the temperature rise is less than 2° F. while the milk is in 
transit. 

The tanks used in these cars are of sanitary construction similar 
to that used in the modern holding tank in the milk plant. Sanitary 
fittings are used throughout. 

Tank Trucks. Transportation of milk by tank trucks has increased 
tremendously since about 1925 because of the flexibility of truck trans¬ 
portation, better roads, and improved equipment. Milk can be trans¬ 
ported economically in tank trucks for distances of 300 to 400 miles 
per round trip. 

Most of the milk tank-truck equipment consists of a stainless-steel 
sanitary-type tank of 1,000 to 4,000 gallons, mounted on a standard 
trailer or truck frame. On the large sizes, however, it is usually found 
best to use the truck-tractor type of set-up with a semi-trailer on which 
a milk tank is mounted. With this type of design, the running gear is 
mounted directly on the tank, thereby eliminating the usual frame, and 
much weight. This design has a low center of gravity and the most 
simple type construction. The tanks are usually insulated with cork 
board underneath an all-welded light-gauge steel outer shell. 

The shape and design of these tanks from the sanitary standpoint 

meet the same exacting specifications as is required for holding tanks 

in milk plants. They are designed with certain minimum specifications 

so that they may be easily cleaned, and also so that they will have 

adequate strength. Practical experience shows that a tank of this type 

of, say, 2,500 to 3,000 gallons may be driven 300 miles across country 

with an outside temperature of 100° F. with a milk temperature rise 
of less than 2° F. 

Retail Delivery Trucks. The retail delivery truck is designed par¬ 
ticularly for flexibility and low-cost operation. Many plants still use 
horse-drawn equipment on account of the low first cost. However, 
more and more concerns are going to motor-driven equipment. A large 
percentage of the delivery trucks are not refrigerated but depend upon 

crushed ice packed over the bottles in order to keep them cold during 
the delivery process. 

There are, however, a good many refrigerated truck bodies in use, 
and these are necessary usually where milk in paper bottles is dis¬ 
tributed, since ice cannot be used with paper bottles. 

Retail delivery trucks must be made with good clutches, brakes, 
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and engines in order to stand up under the constant strain of starting 
and stopping. They must also be easily managed, and in many cases 
they are so designed that the operator may drive them while he is 
standing up. 


QUESTIONS 

1. Describe a cycle of treatments used in the washing of cans, giving tem¬ 
peratures. 

2. What is the best method of prevention of clogged solution jets? 

3. What is the relationship between the quality of steam and the rate of 
heating of a 10-gallon can over steam jets? 

4. Discuss the principles of drying cans in a washer, using hot air and cold 
air, respectively. 

5. Where should the air intake for drying be located? 

6. Discuss the distribution of steam requirements of different parts of the 
continuous can washer. 

7. What are the principal points to be considered in the care of a continuous 
can washer? 

8. Describe the operation of a dairy-farm-equipment sterilizer. 



CHAPTER XVI 


BOTTLE WASHERS, FILLERS, AND CAPPERS 

Milk Bottles. Two principal types of milk containers are in general 
use for retail delivery; namely, glass and paper. Glass bottles have 
become quite well standardized as to shape, size, and diameter of cap. 
The same size caps can be used on all the standardized bottles of vary¬ 
ing capacity, for example, from the quarter-pint to the 2-quart. 

Many of the glass bottles still in use are of the round type; how¬ 
ever, the square glass bottle has become very popular and is widely 
used because it requires less space in storage and permits larger retail 
loads. Housewives in particular are in favor of the square bottle be¬ 
cause of the saving in refrigerator space. Breakage in square bottles, 
which was at one time a problem, has now been brought within reason¬ 
able limits, and, although somewhat greater than that for the round 
bottles, is not a determining factor ordinarily. 

The light-weight glass bottles of 22 ounces, or even as low as 17.75 
ounces, have quite largely replaced the old 26-ounce bottles. 

When purchasing bottle fillers and bottle-washing equipment and 
the like, it is important that they be specified for use with square or 
round bottles, as in most makes of equipment certain attachments or 
adjustments may be required for the different types of bottles. 

The 2-quart bottle is quite widely used in cities. It is of the same 

height as the standard 1-quart bottle. The gallon jug is also used to 

a certain extent but mostly for restaurants and the like rather than for 
home use. 

The usual bottle cap is made of cardboard. There are, however, 
numerous types of so-called hood or cover caps which cover the pour¬ 
ing rim of the bottle itself. Many of these caps are made of aluminum 
or similar metal. There are, in addition, numerous types of hood caps 
that go on over the ordinary paper cap. The use of the hood type cap 

is increasing, as housewives demand better protection for the bottle 
pouring lip. 

Paper Milk Containers. There are two types, namely, the factory- 
tabricated containers and those fabricated at the filler plant. 
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The factory-fabricated type usually requires special filling equip¬ 
ment, although there are some makes of paper cartons that can be 
filled on a standard glass-bottle filler. The factory-made container is 
packed in sealed cartons and shipped to the milk plant. With this 
type of container there is the problem of storage space for the empty 
containers; also the problem of maintaining a daily supply of the 
cartons under all conditions. 

The second type of paper container, which is fabricated in the dairy 
plant by means of a special machine that not only fabricates the con¬ 
tainer but also fills it, is so designed that partly prefabricated packages 
are handled automatically in the machine, and filled and sealed. 

With this type of paper container, the storage required is, of course, 
much less than for the other type. However, it is still necessary to 
have a considerable storage space for the containers and to keep in 
mind that a new supply of bottles is used each day. 

Bottle Washers. The proper washing and sterilizing of milk 
bottles in the dairy plant calls for the application of scientific princi¬ 
ples in the construction of equipment, together with an. appreciation 
of the importance of proper use of cleaning and sterilizing solutions. 

The problem is often intensified on account of the failure of consum 
ers to clean bottles properly before returning them, by use of bottles 
for purposes other than for holding milk, and the use of bottles of 
odd sizes and types. Mechanical washers are found almost exclu¬ 
sively in the larger plants although some small plants still depend on 

hand methods or a motor-driven brush. 

Bottle washers are of two principal types, the jet and the soaker 

tVDGS. 

Jet-Type Washer. The jet-type washer, of which Fig. 170 shows 
the general principle, sprays the bottles both inside and out wit 
washing solutions from a series of jets in order to wash and stenliz 
them This type of washer is simple and very compact but not so 
effective as the soaker type. Note that a typical cycle for a jet washer 
is as follows: (1) warm water rinse, (2) hot alkaline solution spray, 

(3) hot clean water rinse, (4) steam jet sterilization. 

The jet-type washer is lower in first cost than the soaker type. It 
is more popular in the smaller sizes, although many large-capacity 

machines of this style have been used. 

The principal points of care and operation in a washer of this type 

are* (1) The proper temperatures of all solutions and treatments mus 

be maintained. (2) The jets and strainers must be kept clean so that 

the full volume of solutions will be circulated. (3) The alka i s reng 
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of the solutions must be maintained. The operator should find out 
the strength and type of solution recommended by the manufacturer 
and use it. (4) Sufficient steam pressure must be supplied to afford 
an excess above requirements at all times. (5) Excessive breakage 



Courtesy of The Creamery Fackage Mfg. Company . 


Fig. 170. Small-Capacity Jet-Type Bottle Washer. 

Note the bottle conveyor which holds the bottles in a predetermined position as 
they pass over the jets. 


of bottles may result if temperature changes between the treatments 
are too great. Glass does not withstand sudden temperature changes. 

Soaker-Type Washer. The soaker type of washer is illustrated in 
Fig. 171. This is the kind of washer almost universally used in large 
dairies today. It depends for its principal cleaning efficiency on the 
action of a strong alkali solution in which the bottles are immersed 
for a period ranging from 15 to 30 minutes. It will be noted that this 
type of washer is constructed with an endless apron having receptacles 
in which the bottles are placed; as the apron moves, it carries the 

bottles through the proper treatments. A typical sequence of bottle 
treatment is as follows: 



































Fig. 171. Diagram of a Typical Soaker-Type Bottle Washer, Showing the Various Treatments to Which the Bottles Are Subjected 

as They Travel Through the Machine. 
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1. Prerinse. This removes all loose dirt, milk, etc., and helps to 
maintain the strength of the solution by preventing dilution. Semi¬ 
fresh water is used, which is allowed to drain into the sewer after the 
treatment, carrying the foreign matter with it. 

Prerinsing also serves to raise the temperature of the glass, keep¬ 
ing breakage at a minimum and preventing undue cooling of solution 

at the point where the bottles enter. 

2. Dormant Solution Soaking. The soaking period is approxi¬ 
mately 40 per cent of the total time the bottles are in the machine, 
although they are actually under caustic action for nearly 70 per cent 
of the time. This is most important, as the chemical action of the 
caustic solution plays the greatest part in the cleaning process. 

3-4-5. Pressure Solution Scrubbing. After the bottles leave the 
dormant solution tank they travel upward and forward in the machine 
and are subjected to three inside pressure-scrubbing treatments. This 
consists of pumping the solution and delivering it at great force into 
the inside of each bottle, three different times, to remove foreign mat¬ 
ter previously loosened in the dormant soak. 

6-7. Outside Solution Scrubbing. Each bottle receives two pres¬ 
sure jettings of hot solution on the outside, which clean it thoroughly. 

8-9. Caustic Rinsing. Immediately after the final solution scrub¬ 
bings, the bottles are subjected to a rinse of semi-fresh water, under 
pressure, inside and outside, to remove the solution. After the rins¬ 
ing, this water is run off to the sewer. 

10-11. Inside Rinsing. After the caustic-removing rinse, each 
bottle receives two additional inside rinsings of semi-fresh water un¬ 
der full pump pressure. This water returns to the tank and is then 
used to prerinse unwashed bottles at infeed. 

12. Outside Rinsing. As bottles receive the second semi-fresh in¬ 
side rinse they also get an outside rinse of semi-fresh water, under 
pump pressure. 

13. Fresh-Water Rinse. The final inside treatment consists of a 
jetting of fresh city water under regular city pressure. This completes 
the washing and renders the bottle perfectly clean. After the rinsing, 
this water drains into the semi-fresh tank for use elsewhere. 

14-15. Cooling Sprays. Two outside rinses of city water under 
regular city pressure bring the temperature of the bottles down mate¬ 
rially, making them sufficiently cool to be filled with cold milk and 
capped without breakage. 

16. Draining Period. A sufficient number of drain positions are 

provided so that when bottles are discharged they are not only cool 
but virtually dry as well. 
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The final treatment may be with a chlorinated water solution 
which gives the bottles a further sterilizing treatment, although it is 
usually found that the alkali treatment alone gives a sterile bottle. 

The following tabulation gives typical factors concerning the di¬ 
mensions, time intervals, treatments, etc., on a typical commercial 
soaker-type bottle washer. 


Size of washer 

Capacity (high) bottles per minute 
Soaking time, minutes 
dormant 
under caustic 
Total minutes in machine 
Temperatures 
rinse 
solution 
rinse tank 
Motor horsepower 
Boiler horsepower (approx.) 


6 ft. wide 
48 

3.6 

5.5 

8.0 

90-100° F. 
130-140° F. 
90-100° F. 

3 

6 


Types of Soaker Washers. Washers of the soaker type are fur¬ 
ther classified into the mechanical brush type, Fig. 172, in which the 
bottles are subjected to a rising brush after the alkali treatment; and 
the jet type, in which no brushing treatment is given. The so-called 
air brush type, as employed in Yundt washers, is a modification of 
this. The bottle in this washer is given a special treatment after 
soaking, by a mixture of water and high-pressure air from jets in 
place of the mechanical brush. 

Bottle-Washer Solutions. The time and temperature of treatment 
and the strength of alkali solutions are of paramount importance in 
determining the results obtained from bottle washers, as they are for 
the can washer. Figure 173 shows the effect of time and temperature 

of a typical alkali solution on the bactericidal efficiency of the solu¬ 
tion. Note that the strong solutions are very effective. 

The temperature of solution is usually regulated by means of an 
automatic thermostat. Temperatures which are too high, or excessive 
differences in temperature of various succeeding treatments, are the 

principal causes of bottle breakage. 

Care and Management of Washers. The care and management ot 

washers of either the soaker or jet type consist principally of the fol¬ 
lowing : 

1. Keep all solutions at proper temperature and strength. 

2. Use the proper washing powder as recommended by the 

manufacturer of the equipment. 
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o5) Mechanical Brushing 

Fresh Water 

Chlorine Rinse 


Clean Bottle 
Discharge 



Courtesy of the George J. Meyer Co. 


Fig, 172, “Rising Jet” Type of Bottle Washer, 

The brush-actuating mechanism and its position in the washer are shown, but not 
the soaking tank compartments. The brushes are carried on hollow spindles which 
rise up into the bottles and both spray and brush with a rotating motion when the 
bottles are in the proper position. 



Time in Minutes 

Courtesy of Dr. Max Levine, Iowa State College, 


Fig. 173. Chart Showing Time, Temperature, and Strength of Alkali for Equal 
Bactericidal Efficiency of Alkali Solutions Based upon the Percentage of Sodium 

Hydroxide in the Solution 
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3. Keep all jets clean and open. 

4. Make certain that the rate of operation is correct for the 

conditions under which the washer must work. 

5. Supply sufficient steam and water to assure an adequate 

supply at all times. 

Bottle Fillers. The continuous bottle filler and capper is a simple 
machine for filling and capping milk bottles in the modern dairy. 

Two general types of fillers are in use, the gravity and the vacuum 
type. 

Gravity-Type Filler. The gravity-type filler consists of six dif¬ 
ferent parts: the drive, the bowl, the filler valves, the carrier, the 
capper, and the bottle-feeding starwheels. All the rotating elements 
of the filler are synchronized in their movement, and the operation is 
as follows: 

Milk from the supply line is fed into the filler bowl and the level 
usually determined by a float. In the bottom of the bowl, radially 
located, are a number of filler valves. When the bottles are carried 

around on the moving pedestals they raise the filler valves so that 
the bottles fill as the bowl rotates in unison with the bottle and filling 
tables. When the movement has carried the bottles to near the unload¬ 
ing position, the filling pedestal drops and the valve is closed. The 
bottle then is pulled off to the capper by means of an unloading star- 
wheel. The automatic capper places the cap in position, and the 
bottle, filled and capped, is passed on to the conveyor which takes it 
to the point where it is packed in bottle crates. 

Action of the Gravity-Type Filler Valve. With this filler the filler 
valves do not open unless a bottle is in proper position; then the valve 
opens an annular orifice when the bottle is raised against it, anil the 
milk flows out into the bottle. 

The air and foam, which must be removed before the bottle can be 
completely filled to the proper level, are allowed to pass up and out 
through a hollow center tube. The height of filling of the bottle is 
determined by the depth to which the nozzle fits into the bottle; it is 
predetermined by the design of the valve and valve rubber. Several 
so-called no-drip valves have been designed and used. These are de¬ 
signed to shut off more tightly than normal, and to retain any milk 
in the vent tube rather than allowing it to drip off between stations 

when a bottle is not under it. 

Vacuum-Type Filler. The vacuum bottle filler, Figs. 174 and 175, 
have the same, general bottle-moving mechanism as the gravity-type 
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filler, but the filling mechanism is very different. Filling on the 
Mojonnier machine, Fig. 174, is accomplished by a vacuum suction on 
the bottle and tube, the bottle acting as a trap which fills. Note that 
no milk is drawn up with the filling tube unless a bottle is in position, 
also that the height of filling is determined by the distance the vacuum 
tube extends into the bottle. This filler will not fill a broken bottle, 
thereby saving milk. Several modified forms of vacuum fillers are now 



Courtesy of the Mojonnier Bros. Co. 

Fic. 174. Cross Section View Showing the Principle of Operation of the Vacuum- 

Type Bottle Filler. 
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a 

being used which also make use of filler valves quite similar to those 
used in the gravity-type filler. 



Courtesy of the Creamery Package A ffg. Co. 


Fig. 175. A Vacuum^-Type Bottle Filler. 

The vacuum-type filler fills more rapidly and also does not leak milk during the filling 
operation to the extent usually found with the plain gravity-type fillers. 


The Creamery Package vacuum-type bottle filler, Fig. 176, is con¬ 
siderably different from the Mojonnier type. It employs a filling 
valve (see Fig. 176) which is somewhat like the filler valves of a reg¬ 
ular gravity-type filler. Note, however, that it operates with the milk 
supply tank under moderate vacuum. A high-speed centrifugal blower 
supplies the vacuum by connecting its suction inlet to the top of the 
filler tank. The use of the vacuum speeds the rate of filling and also 
prevents milk from dripping from filler valves when a bottle is not 

under the valve. 

Bottle Capper. The capping mechanism of bottle fillers and cap¬ 
pers is of decidedly standardized construction. It usually rotates so 
that the bottle is capped while moving. The copper feed plates are 
one of the most critical parts found on this apparatus. If it is not of 
the proper thickness for the type of caps used, it will give endless 

trouble. 
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C our tv ay of the Creamery Package Mfg. Co. 

Fig. 176. Parts of a Typical Vacuum-Type Bottle Filler Valve. 

Left: disassembled; right: assembled. Note that the milk flows into the bottle 
through the annular passage between the How tube .1 and the milk valve. The air in 
the bottle escapes through the passage in the center of the vent tube H. The vent tube 
holds the milk valve closed against the bottom of the flow tube by the action of the 
spring, except when a bottle is in filling position, and raises the flow tube, allowing the 
bottle to fill. The bottle seal rubber, attached to the bottom of the flow tube, seals the 
flow tube to the bottle during the filling. Both the milk supply tank and the bottle are 
under the same vacuum during the filling operation. 
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Tho timing of & bottle filler End capper is of utmost importance 
The filler valves, the bottle-feed loEding End unlosding wheels the 
bottle lifters, End the capping mechEnism must e 11 be in synchronism. 

The many special types of caps call for special capper heads. 
Aluminum caps and caps held on by a soldered wire band are quite 
common. Figure 177 illustrates a type of auxiliary capper widely used 
for applying a second cap to the bottle. 



Courtesy of the Standard Cap and Seal Corp . 

Fig. 177. Machine for Adding a Second Bottle Cap to the Bottle. 

Paper Bottle Fillers. Factory-prefabricated paper bottles such as 
the American Can Co. bottle, are usually filled on a special filling 
machine (see Fig. 178), which opens the bottle cap, fills the bottle with 
a metered amount of milk, then closes the bottle and seals the cap. 

Another widely used type of paper bottle filler takes the precut 
but unformed cardboard bottles which are shipped in flat, knocked- 
down condition, forms them into proper shape, fills them, coats them, 
and seals them in an automatic, continuous operation. 

The standard filler such as that used for glass bottles is used to 
fill the third type of paper bottle which comes in prefabricated form 
and uses a standard “plug” cap. 
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Care of the Bottle Filler and Capper. I he princip; 
fillers and cappers, outside of lubrication, consists ot 
jury to filler valves and rubbers. 


care r>t Ih it t lo 

pro venting in- 



('unrU'su of the American ( on Vo 


Fit;. 178. Machine for Filling Paper Bottles. 


It is also essential to see that proper adjustment is made for dif¬ 
ferent size bottles and caps so that there will he no jamming of bottles. 
The safety clutch should he carefully inspected occasionally to see 
that it is in good working order. Bottle-filler valves must also he care¬ 
fully handled so that they will not become dented or nicked, as they 









378 


DAIRY ENGINEERING 

are made to very accurate dimensions. If they become leaky, they 
should be immediately ground in with fine valve-grinding compound 
They should never be placed in a pail and jolted around where they 
may become dented or bent. It is even a good plan to have a small 
holder for supporting the valves while they are being washed. Care 
of the rubber parts of the valves is especially important, and the prin¬ 
cipal factor in maintaining good valve-rubber life is not to overdo 
the matter of sterilizing. Prolonged exposure to boiling temperatures 
softens and weakens the rubber. 

One of the main factors in maintaining good life of the rubber parts 
is to make certain that they are thoroughly washed and the fat from 
the milk thoroughly removed from the rubber surface each time that 
the parts are washed, as fat left in the pores of rubber causes rapid 
deterioration. Soaking in a 0.5 per cent lye solution between uses is 
a good procedure. 

The timing of a filler may become defective owing to wear of 
chains, shearing of pins, or slippage of a gear on its shaft. This should 
be checked occasionally. 

The float is important in obtaining uniform results and must be 

kept in good condition. It may also need the valve ground occasion¬ 
ally. 

The capping mechanism receives hard service, and certain parts 
need replacing at intervals. It is important that the thickness of the 
caps be correct for the setting of the capper, as otherwise the caps 
will not feed properly. 

The vacuum system on the vacuum-type bottle filler requires 
occasional adjustment and inspection to detect leaks. Some opera¬ 
tors have found that a moisture trap on the suction of the vacuum 
pump is a very helpful accessory as it keeps moisture out of the regu¬ 
lator and lines, thus allowing them to work most smoothly. 


QUESTIONS 

1. Describe the principle of operation of the jet-type bottle washer. Name 
its advantages and disadvantages. 

2. Describe the principle of operation of the soaker-type bottle washer. 
Name its advantages and disadvantages. 

3. What are the principal points of care in operation of a soaker-type bottle 
washer? 

4. What is the so-called air brush? 

5. What is the effect of caustic solution strength on the bactericidal effect of 
the washer? 
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6 . Describe the operation of the gravity-type bottle filler. 

7 Sketch a gravity-type filler valve, and explain its operation. 

8 . Describe the operation of the vacuum-type filler. Show its construction 

by a sketch. 


CHAPTER XVII 


CREAM AND BUTTER HANDLING EQUIPMENT 


Churning Equipment. The purpose of churning is to separate the 
butterfat from the other constituents of the cream, gather it together 
in a condition where it can be handled, accurately incorporate a pre¬ 
determined amount of moisture and sometimes salt in the finished 


product, and provide such working of the butter as is necessary to 
give it the proper body and texture. 


Churns are the oldest form of dairy equipment, dating from pre¬ 
historic times, when they consisted of a skin bag hung over the back 

of a horse or camel, the rolling motion as the animal moved causing 
the milk to churn. 


The modern, power-driven churns were developed about 1880 as the 
result of the adoption ol factory methods by the dairy industry. The 
invention of the cream separator and Babcock tester at about this 
time was largely responsible for the centralizing of the butter industry 
and, therefore, indirectly helped to bring about a need for factory 
methods of butter manufacture. 

Some of the first churns which were made in this country were of 
the box type. It is noteworthy that this general design has conic back 
into use, and churns of this sort are again being sold to a limited 
extent. Figure 179 shows a modern-type churn. 

Strange as it may seem, the churn remains in essentially its original 
form even today. Many people are, however, working on improved 
processes for performing the churning function. 

Principles of Churning. Although the detailed physical-chemical 
principle of operation of the churn is the subject of considerable con¬ 
troversy, it is safe to say that the process in general is the subjecting 
of the cream at a predetermined temperature to successive shock, con¬ 
cussion, or agitation. This eventually causes the cream to “break” 
and the butter to separate from the serum of the cream. 

A second method of producing the butter, which is being used, is to 
separate cream to produce a product of approximately 80 per cent fat 

content, then slightly agitate this to make it form butter. 
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The continuous butter maker is being used in a few places and offers 
promise of considerable development. 





Courtesy of the Jett sen Creamery Machinery Co . 


Box-Shape Metal Churn. 


Churn Construction. The ordinary churn consists of three prin¬ 
cipal parts, the barrel, the workers, and the drive. In some of the 
machines all these parts are combined to make a single unit, the 
apparatus being called a combined churn and worker. In other types, 
the workers may be a separate device or, as in some new designs, 
eliminated entirely. 

Churn Barrel. The churn barrel is the heart of the churn. Its 


shape and construction determine the operating characteristics of the 
apparatus. Present practice appears to favor a relatively short, large- 
diameter barrel. It is important that the drum be well supported on 
the ends and well banded if of wood. Bolts which extend through 
the wood and come in contact with the butter should be of stainless 
steel to prevent rusting. Some new designs cover all bolt heads with 
wood plugs. Only the highest quality of close-grained fir wood should 
be used for the barrel, as modern sterilizing methods greatly shorten 
the life ol even the best wood. The door and gasket should be well 

Gaskets are usually made of cork. Hardware on the churn 
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drum should be heavy, well attached, and thickly tinned or of stainless 
steel. The internal construction of the churn drum may vary widely; 
however, most drums are of the roll-less type. 







( 6 ) 

Courtesy of the Creamery Package Mfg. Co. 

Fig. 180 . The No-Roll Chum. 


.4, Roll-less sanitary churn. B, Shelf and tie-rod construction. 
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Churn Drive. The churn drive is required to rotate the drum, and 
also to turn the rollers, if they are used. Modern practice requires 
that the drive should be extra heavy to enable it to withstand the 
heavy shocks of the churning operation. Gears should run in a bath 



Courtesy 0/ the Cherry Murrell Corp, 


Fig. 181 . A Transmission for a Roll-Type Churn. 


of oil as in the best automotive construction. The speed-changing 
device and clutch should be rugged and easy to operate. There is a 
great difference in churn drives, and the prospective purchaser would 
0 well to consider the ease of handling and upkeep of the transmis¬ 


sion in any churn he wishes to purchase. Figure 181 shows a typical 

pressure-oiled churn-drive transmission. 

Types of Churns. The various types of churns may be classified 
in different groups, as follows: 


(a) Roll type 


Single 

Double 

Multiple 


<b) Roll-loss I Rect a n golar or box type 

I Round 


(c) J Combined churns and butter workers 
1 Churns without butter workers 
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(d) I ^ r ° 0< ^ c ^ urns 

' l Metal churns 

Roll-Type Churn. By far the most common type of commercial 
factory churn in use today is the no-roll type; however, there are many 
of the roll type currently in use. 

Roll-less Churn. In an effort to eliminate unsanitary stuffing boxes 
and simplify the construction of the churn, the roll-less chums have 
been developed, and most new churns are of this kind; see Figs. 179 
and 180. Observation shows that they are simple to operate, turn 
out a high-quality butter, and are being accepted by the industry. 

In the roll-less churn, the principle of churning by concussion is 
applied. Working is accomplished by a construction which allows the 
butter to drop violently from one shelf or corner of the churn drum to 
another, thus causing a working action which is very effective. 

Metal Churn. Much thought has been given to the matter of 
building a churn drum out of metal, on account of its apparent sani¬ 
tary advantages, and recently much progress has been made. It ap¬ 
pears that the principal problem is to prevent the butter from sticking 
to the metal. It has been found that roughing the surface will accom¬ 
plish this to a certain extent when certain porous metals are used, 
because it allows a film of moisture to form on the surface between 
the metal and the butter. This roughing must be redone at intervals 
because the action of the salt and butter tends to polish or smooth 
the inside of the churn. 

Tests have indicated that the use of the metal drum with rolls 
does not materially improve the yeast, mold, and bacterial count on 
butter. This is probably because stuffing boxes were used on rolls, 
and the metal had a rough surface. The roll-less metal churn offers 
maximum sanitary features, but has the disadvantage that tempera¬ 
ture control is difficult. 

Care of Churns. The care of a churn, from an engineering stand¬ 
point, involves principally: 


1. Maintaining a solid foundation under it. 

2. Keeping stuffing boxes in good condition. A good paraffined 
square flax should be used for repacking, and packing should be 
changed at least each year for sanitary reasons. 


3. Keeping drum bolts and bands tight. (Use stainless-steel 
bolts if exposed.) 

4. Keeping the churn barrel painted or varnished. 

5. Keeping the churn barrel soaked up with moisture. Alter¬ 
nate drving and moisture distorts staves and may cause dry rot. 

6. Maintaining proper lubrication oi the drive. 
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Starting a New Churn. When starting a new churn, it is best to 
soak it gradually with cold water, emptying and partially filling the 

drum several times in order to swell the wood gradually and at the 
same time remove wood odors. This treatment should then be fol¬ 
lowed by treatment with hot water and possibly a lukewarm lime 
water solution. 

Milk or buttermilk should not be placed in the churn until the 
cracks and all minute openings are swelled by the hot-water treat¬ 
ment, as otherwise the milk solids will penetrate the cracks and cause 
difficulty later. 



CtntrtvMif of the General Dairy Equipment Co. 


Fig. 182. The Vane Churn. 


Note the position amt shape of tlie vanes. 

The metal bands should be loosened only a very small amount at 
a time and no more than really necessary so that no cracks will be 
formed in which the milk products may collect. In regular use, the 
bands should be kept reasonably tight so that crevices will not de¬ 
velop. When the churn is laid up for a time, it should be thoroughly 
cleaned before using and the soaking-up process should be repeated 
as for a new churn. 

Cleaning the Churn. Proper cleaning has much to do with the life 
of the churn, as well as the sanitary results and the freedom from 
sticking of butter to the wood. The following method in general as 
suggested by Totman, McKay, and Larsen is considered to be good, 
both from the standpoint of the life of the churn and for sanitary 

results. 


1. Make two quick rinsings of all visible butter from the churn 
with water at 120 to 140° F., using only a small amount of water. 
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2. Fill the churn % full of 180° F. water and rotate the churn 
for fifteen to twenty minutes. 

3. Drain the churn with the door down for fifteen minutes, 
then set the barrel in the filling position and place the screen over 
the door opening. Close all other vents to prevent insects from 
entering. 

4. Once each week, use a mild soda washing powder to remove 
fat thoroughly. Do not use caustic soda as it is too strong. There 
is also objection to the use of trisodium phosphate, for the same 
reason. 

5. Rinse the churn thoroughly twice each week with chlorine 
solution of a strength of 50 to 100 p.p.m. 

Churns should always be well rinsed with hot water to remove 
traces of washing powder and chlorine before they are left to dry. 

Setting the Churn. Butter makers agree that satisfactory results 
are not obtained from churns unless they are set on a firm foundation 
and properly leveled. If the drum is not level there will be a tendency 
for the moisture to be high, in butter made in the low end of the churn 
drum. This applies equally to both the roller and rollerless type 
machines; however, the newer rollerless churns which have more end- 
to-end movement of the cream and butter seem to be somewhat less 
sensitive to leveling than the older models. A short-barreled churn 
is also less sensitive than one with a long barrel. It has been found 
that excessive tightening of the center hoops of a long-barreled churn 
will cause drainage to both ends of the churn drum and thereby make 
the butter produced in the center of the drum somewhat low in mois¬ 
ture. 

Continuous Buttermaking Equipment. A considerable development 
has taken place since 1937 in connection with processes for the manu¬ 
facture of butter by the continuous method. Various scientists and 
manufacturers for a number of years have been interested in obtaining 
a process for the manufacture of butter, which would provide the sani¬ 
tary features and the operating efficiencies normally obtained in the 

manufacture of ice cream or the processing of milk. 

There are four principal types of continuous buttermaking machines 

either in actual commercial use or in the pilot-plant stage. These 

processes arc described as follows: 

1. The Alpha-Leval Process. See Fig. 183. This process was de¬ 
veloped in Sweden and is being used on a limited scale for the produc¬ 
tion of butter from sweet cream in European countries. 
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In this operation the cream passes through a special cream sepa¬ 
rator that separates it to approximately 80 per cent fat, or, in other 
words, the approximate fat composition of butter. This high-fat cream 
is then passed through a special cooler and agitator that chills the 
heavy cream, reverses the phase of a portion of the product, and 
extrudes the product in a continuous manner. During the passage 
through the machine a salt solution, color, or starter, as may be de¬ 
sired, is added to the product. No attempt is made to reduce the 
percentage of the solids not fat of the butter below that which normally 
occurs in the separation of cream to approximately 80 per cent fat 
condition. Control of the percentage of moisture in the butter is ob¬ 
tained by an adjustment on the cream separator, which in turn controls 
the percentage of fat. 


f ^ 



Fig. 184. The Westphalia Continuous Buttermaking Machine. 


This process sometimes makes use of a special stainless-steel butter 
chilling belt, which allows the butter to set or remain quiescent for 
about a minute before being discharged into a packaging machine or 
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being packed in a tub. The entire apparatus is of very sanitary-type 
construction and offers to the butter manufacturer the same type of 
sanitation found in the modern ice-cream freezer or the modern pas¬ 
teurizer. Note the approximate temperatures of the product at various 

stages in the process. 

2. The Westphalia Process. This continuous-type butter machine 
was developed by the Germans. Reference to Fig. 184 shows that this 
apparatus consists essentially of a high-velocity whipping chamber, 
into which ordinary cream of 30 to 50 per cent butterfat is passed and 
in which the rapid agitation churns or breaks the butter in a matter 
of seconds. Temperature control at this point is very critical. The 

Flow Diagram 
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Fig. 185. The Cherry Burrell Continuous Buttermaking Process. 

partially broken butter or cream then passes to a special-type auger, 
which agitates the cream, collects the butterfat particles, and pushes 
them out at one end and the buttermilk out at the opposite end of the 
auger tube. The machine is relatively very simple as compared to 
other types of units, and can be built to give a sanitary operation. 
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Moisture control in finished product is obtained by adjusting the tem¬ 
perature of the cream before it enters the whipping chamber and to a 
limited extent by the adjustment of the discharge opening from the 
auger housing. 

3. The Cherry Burrell Process. This process is illustrated in Fig. 
185. The principal features of the process are as follows: 

Cream after ripening is passed through a vacuum pasteurizer, which 
is heated to the separating temperature and then discharged to a special 
cream separator that separates out the cream to a butterfat content of 
greater than 80 per cent. The skim milk is given off as the normal 
buttermilk. During the vacuum-pasteurizing process and the high-fat 
separating process, the cream is “broken” to a certain extent, and the 
fat and serum phases are reversed. The semi-broken product is then 
passed to standardizing tanks where its composition is standardized by 
hand to the exact proportions desired in the final butter. 

It is at this point where culture, flavoring, and color may be added. 
From the standardizing tank, the butter in liquid form is passed through 
a chiller, which reduces the temperature of the butter to approximately 
45 to 48° F. and extrudes the butter into a device that allows the prod¬ 
uct to be quiet for a short period and there crystallized to a certain 
extent. During this part of the process the product is passed through 
a series of openings which breaks up the crystals, and the butter is 
extruded ready for placing in tubs or in an automatic packaging 

machine. 

4. The Creamery Package Company Process. See Fig. 186. With 
this process, which may be used with either sour or sweet cream, the 
cream is passed through the high-fat type of separator where the skim 
milk goes off as buttermilk. The resulting high-fat cream passes to a 
so-called emulsion breaker, which is a high-pressure treatment similar 
to homogenization. This causes the butterfat and serum phases to be 
reversed and the resulting mixture then passes to a special gravity 

separator. 

The resulting high-fat product comes off the top of the special 
gravity separator and passes directly to a continuous chilling device. 
However, on its way to the chiller, a continuous metering type pump 
adds a predetermined amount of salt, moisture, or flavoring, as desired, 
to give the final composition of the butter. The construction of the 
chiller is such that the butter is chilled and worked in the same unit, 
the resulting product passing out continuously to a packaging machine 
or to a bulk filling operation. A particular feature of this system is 
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that it provides means for reducing the solids not fat content of the 
butter to any desired minimum. 

The advantages of continuous butter manufacture are, of course, 
most apparent in a large operation. However, there is the same need 
for improved sanitation, for temperature, composition, and quality 
control, and for labor-saving requirements in the small plants. The 
investment in a continuous type of machine is considerably greater 
than would normally be necessary for ordinary churns, and the overall 
cost of operation should be carefully figured before investing. 

Centrifugal Cream Separator. The centrifugal cream separator is 
used in nearly all dairy plants and on farms. It depends for its ac¬ 
tion on the principle that a physical mixture of substances of different 
density will separate from each other or stratify if subjected to an 
action like the force of gravity. By means of centrifugal action, this 
separating force is multiplied to many times that of gravity and the 
separation takes place more completely and practically intantaneously. 

The force which acts on the fat globules to separate them from the 
serum portion of the milk may be analyzed by reference to equations 
dealing with centrifugal force and the Stokes equation. The magni¬ 
tude of the forces is given by the equation F — = Mrw 2 , in which 

F = force. 

M = mass or density of the product. 
r = distance from the mass of the material to center of rota¬ 
tion. 

w = angular velocity in revolutions per minute. 

It is thus evident that a greater separating force is obtained under 
each of the following conditions: 

(a) Greater difference of density between the materials to be 

separated. 

(b) Higher speed of the centrifugal machine (r.p.m.). 

(c) Greater bowl diameter. 

The rate of fat separation is calculated as follows. 

It has been shown that Stokes’ equation indicates quite accurately 
the rate of rise of individual fat globules through milk under the influ¬ 
ence of gravity. Stokes’ equation is 

2 r 2 (d p — d/)a 


9y 
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When V is the rate of movement of the fat globule in centimeters 
per second, r the radius of the fat globule, Y the viscosity of the milk 
serum, d v and d, the density of the serum and the fat respectively, 
and a is the acceleration. In the case of fat globules rising under the 
influence of gravity, a is the gravational constant and is numerically 

equal to 980 dynes. 

This equation is also used to calculate the velocity of the move¬ 
ment of fat globules through the serum due to the centrifugal force of 
a cream separator, by expressing a in terms of the acceleration pro¬ 
duced by the centrifuge. The equation below gives the value of a, 
when the acceleration is due to centrifugal force. 

_ (2t m) 2 R 
a ~ (60) 2 

when n is the speed of the separator bowl in revolutions per minute 

and R is the distance of the fat globule from the axis of rotation. The 
rate of movement of a fat globule through the milk due to the cen¬ 
trifugal force at a given instant is given by the following equation: 

T 2 r 2 (d p — d/)^w 2 n 2 R 

' = 9 7 3,600 

Several of the factors in the equation are numbers which may be 
gathered together into a numerical constant of the value 0.00244. 
The equation then becomes: 

Tr 0.00244(d p - d f )r 2 n 2 R 
l = - 

7 

It is thus apparent that the rate of fat-globule separation is increased 
by the following: 

(a) Greater difference in density of the milk serum and the 
fat. 

(b) Greater r.p.m, of the centrifuge. 

(c) Greater radius of the fat globule. 

(d) Greater distance from the rotational center. 

(e) Lower viscosity of the milk serum. 

Types of Separators. There arc three principal types of separators 
and clarifiers that arc mechanically driven. One of these is the so- 
called air-tight or pressure-fed type, which is fully enclosed and 

equipped with a hollow driving spindle that conveys the milk into the 
bowl. 
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The milk enters through a steel connection at the bottom of the 
spindle and is distributed in the usual manner between the disks and 
the bowl and discharged directly into a standard pipeline through sani¬ 
tary pipe connections at the top of the bowl. 

Milk is fed to the separator or clarifier by means of a positive dis¬ 
placement-type pump. Regulation of the fat content of the cream is 
accomplished by means of an external valve located usually on the top 
of the separator, which can be adjusted while the machine is running. 
One of the main advantages of this type of separator is that it does not 
produce foam, and also, it keeps the product from contact with the air. 

The so-called gravity-type fully enclosed separator and clarifier 
are fed by gravity or under light pressure from a pump. In this par¬ 
ticular type of machine, the fluid completely covers the intake opening 
of the collector and thereby liquid-seals the entering milk or cream and 
thus eliminates foam. Machines of this type generate approximately 
40 pounds of pressure, which can be used to force the milk or cream into 
sanitary pipelines. 

A third type of separator and clarifier is that which is fed by gravity 
and discharges milk and cream at atmospheric pressures. These sepa¬ 
rators and elarifiers are used where price is an item, and where presence 
of foam on the skim milk is not particularly objectionable. 

Figure 187 shows the interior construction of one type of standard 
air-tight centrifugal cream separator. The principal parts are a bowl, 
a driving mechanism for rapidly rotating the bowl, a series of separat¬ 
ing disks in the bowl, a cream-regulating screw, and necessary passages 
to and from the bowl. 

In operation, milk, fed into the rapidly spinning bowl, distributes 
itself onto the separating disks, which impart a rapid whirling action 
to it. The milk being subjected thereby to the centrifugal force has 
a tendency to fly out from the center of the bowl. The heavier of the 
two products, namely, the skim milk, will form a layer on the outside 
of the bowl, while the lighter material, or fat, will collect on the inside 
edge of the layer of rotating milk and cream. The incoming unsepa¬ 
rated milk forces the separating layers up from the bottom and out 
at the top of the bowl. Two passages are provided at the top of the 
bowl for the milk and cream respectively to pass out of the bowl. 
The opening nearest to the center of the bowl will pass the cream and 
the other the milk. By regulating the flow of the cream-discharge 
opening by means of the adjustment screw, the proportion of fat in 
the cream can be adjusted, since, if this passage is closed further, it 
will deflect a larger portion of the flow to the milk outlet and thereby 
increase the concentration of fat in the cream. 


395 


CREAM AND BUTTER HANDLING EQUIPMENT 



Courtesy 0/ the DeLeval Separator Co. 

Fig. 187. The Centrifugal Cream Separator. 
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The ideal temperature for separating milk in most separators is 
around 85° to 100° F. Considerable fat losses will occur if the milk is 
cold at the time it is separated. A good separator should leave only 
0.25 per cent of the fat in the skimmed milk. Modern developments 
show that cold-milk separators can be made quite efficient. 

Special separators have been made which will separate milk, form¬ 
ing a cream of 82 per cent fat, making so-called plastic cream, which 
is then cooled on a chilled roller. 

The milk is pumped through a separator of this sort at a fixed 
capacity by means of a positive-type pump. It is important to main¬ 
tain certain limits of operating pressure and capacity if best results are 
to be obtained. 

Power separators are generally rated by the number of pounds of. 
milk they can handle per hour; the common sizes are from 2,000 to 
11,000 pounds per hour. 

Milk Clarifiers. The bowl of a milk clarifier is constructed in a 
manner very similar to that of an ordinary cream separator except 
that the disks are shorter to provide greater sediment-holding space; 
and also, there is but one outlet from the bowl. Milk is delivered into 
the bowl at a point near the outer edge of the disks and travels inward 
and upward between the disks. Any solid material present is thrown 
outward into the sediment space. There is no separation of butterfat 
from the milk. 

Accumulated sediment is removed from the bowl at varying inter¬ 
vals, depending upon the size of the clarifier and the amount of sedi¬ 
ment in the milk. This period may vary from ]/ 2 hour on a small 
machine to as much as 8 or 9 hours on large machines operating on 
milk which is quite free from sediment. 

Care of the Cream Separator and Clarifier. These machines are 
very similar in their general construction and require similar care. 
Of great importance is the matter of keeping the bowl properly bal¬ 
anced so that it operates smoothly without vibration. The machines 
must be properly leveled and securely bolted to the floor. Most sepa¬ 
rators now have a floating-type upper spindle bearing which com¬ 
pensates for slight inaccuracies of balance and leveling, but these 

should not be depended upon too heavily. 

The high rate of speed with which these machines operate makes 

it necessary to lubricate with a special high-quality non-gumming 
light oil. The oil should be changed at regular intervals and should 
be allowed to become contaminated with water. 

Where the air-tight separators are used, the positive pump which 
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forces the milk through the separator is an important accessory. In 
order to obtain satisfactory results this pump must deliver a steady 
pressure of a predetermined amount. Most pumps used for this pur¬ 
pose are of the positive rotary gear type which on account of wear 
must be adjusted occasionally for speed in order to maintain the cor¬ 
rect flow to the separator. Air leaks in the suction line leading to 
the pump must be avoided, as must also a heavy pulsating discharge 

pressure from the pump. 



Courtesy of the Cherry Burrell Cory. 


Fig. 188. 


A Sanitary Milk or Cream Filter. 

V 


Centrifugal Equipment Centrifugal force is also utilized in some 
special branches of the industry, notably in the manufacture of casein 
to separate curd from whey. Special high-speed basket-type sepa¬ 
rators are used, as well as a centrifugal milk clarifier. 

Cream and Milk Filters. Filters are quite widely used in the dairy 
industry for removing sediment from milk or cream. The simple bag 

type of filter is most common for milk. The cloth for the bag is usually 
of 40 to 90 mesh. 
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3A Sanitary Standards for Milk and Milk-Product Filters 

A. MATERIAL 

1. All metal filter parts having any surface in contact with the 
product shall be constructed of dairy metal consisting of stainless 
steel, nickel alloy, or equally corrosion-resistant material that is 
non-toxic and non-absorbent. 

a. All milk-contact surfaces shall be finished to an equiva¬ 
lent of not less than 120 grit finish properly applied. 

b. All outside surfaces shall be smooth and easily cleanable. 

2. Exteriors of structural parts not in contact with the product 
shall be of corrosion-resistant material with a smooth finish; or 
shall be rendered corrosion-resistant or painted, and be so con¬ 
structed as to be easily cleanable. 

a. If, to clean a milk-contact part, an exterior or structural 
part not in contact with the product is normally immersed in 
cleaning solution, the corrosive-resistant treatment material used 
on the metal surface shall be non-toxic. 

B. CONSTRUCTION 

1. The outer shell or housing and all inner parts shall be of 
seamless silver alloy brazed or welded construction. 

2. The weld area and deposited weld metal shall be substan¬ 
tially as corrosion-resistant as the parent metal. 

3. All non-removable appurtenances attached to the outer shell 
or housing shall be attached in a manner to produce smooth, crevice- 
free, easily cleanable surfaces. 

4. If legs are used, they shall be smooth, with rounded ends and 
no exposed threads. Legs made of hollow stock shall be sealed. On 
filters with legs designed to be fixed to the floor, the minimum 
clearance between the lowest part of the base and the floor shall 

be 4 inches. 

a. Readily portable filters may have leg heights of 2 inches. 
Readily portable filters are defined as those having a base area 
of not more than 2 square feet, or, in the case of filters mounted 
on legs, an area encompassed by the legs that does not exceed 

2 square feet. 

b. Bases when used shall be constructed without ribs or 
flanges, and shall have smooth top and bottom surfaces, and 

shall be self-draining. 

5. All inner parts shall be easily disassembled from the outer 
shell or housing, and all surfaces in contact with the product shall 
have rounded and smooth inside corners as large as practical for 
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proper operation, and shall be readily accessible for cleaning. 

6. Perforations or slots in the filter medium supports shall be 
not less than % (i inch in the minimum diameter, and the end radius 
of the perforations shall be not less than %•> inch. After perfoia- 
tion the flat surface of the sheet from which the perforating punch 
emerges on the down stroke shall then be polished to the equivalent 

of not less than a No. 4 mill finish. 

C. OPENINGS. All inlets and outlets shall conform with the 3A 
Sanitary Standards for fittings. 

D. GASKETS 

1. Single-service gaskets of the sanitary type are preferred, or 
removable rubber or rubber-like gaskets that can be easily cleaned 

may be used. 


3A Sanitary Standards for Seamless and Welded Tin-Coated Can- 
Type Milk Strainers 

A. MATERIALS. The strainer shall be constructed of mild open- 
hearth steel (24-gauge minimum for 14-quart or larger; 26-gauge 
minimum for smaller sizes). The tin shall be of commercially pure 
quality for application by the hot-dipping method. 

B. CONSTRUCTION 

1. The seat (ring) or area of the strainer which holds the strain¬ 
ing material in place shall be sufficiently rigid to resist denting. 

2. Perforated or slotted disks in the bottom of the strainer are 
acceptable. Wire grids are not acceptable. 

3. The smallest diameter of all holes in the grid shall be 
inch. The smallest width of slots shall be Vs inch. Burrs shall 
be removed from all holes and slots before tinning. No holes or 
slots in bottoms shall be within y> inch of outer edge. 

4. Domes or baffle plates shall he provided, shall have smooth 
contours to permit case in cleaning, and shall be so constructed as 
to prevent milk from directly hitting the straining material while 
milk is being poured. 

5. No two plates in a strainer, which are soldered or fixed in 
place, shall be closer together than 4 inches. 

6. Handles on strainer are not acceptable. (Hole for hanging 
permissible.) 

7. The handle on the dome shall be welded in place and shall 
be sufficiently high to facilitate thorough cleaning. Minimum clear¬ 
ance between handle and dome shall be sufficiently high to facilitate 
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thorough cleaning. Minimum clearance between handle and dom P 
shall be 1 y 2 inches. 

8. With the exception of “working corners,” where sharp radii 
are required to eliminate by-passing of milk, all other radii shall 
be sufficiently large to facilitate easy cleaning. 

9. Strainers shall be completely and smoothly tinned by the hot- 
dipping method, after all fabrication has been completed. Tinning 
must produce a commercially smooth plane and even surface. 



Courtesy of the Lynch Corp. 

Fig, 189, The Auto Butter Printing and Wrapping Machine. 

The extruding pressure is generated by the action of a double-worm-type gear 
pump somewhat similar to the type used in sausage stuffers. 

Bag filters, though common for filtering sour cream, fill up so 
quickly that much effort has been expended to develop a continuous 
metal filter. The Fort Wayne continuous metal filter is typical of a 
development of this kind. 

The perforated cylindrical screen in this filter rotates continu¬ 
ously. The cream to be filtered is fed into the center of the screen 
and drops through into a receiving trough, from which it passes on to 
the pasteurizer. The foreign material collects on the inside of the 
screen and is carried around to a point where it is back-washed and 
removed from the screen by a spray of water which passes through 
the screen from the opposite side. The continuous washing or removal 
of material from the screen allows it to operate almost indefinitely 
without clogging. 

It is important in filtering cream to have it at a temperature of 
160° to 180° F., and the cream should be properly neutralized. If 
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this is not done, the best filters will quickly clog. Figure 188 shows 
a typical filter for milk or cream. 

Butter Cutter. Bulk butter is usually cut into 1-pound or % -pound 
portions for retail trade, by means of a special butter cutter which 
forces stainless-steel or piano wires through a block of butter by 
means of a hydraulic press or lever action. Machines of this type are 
found in many small plants. 

Some large plants use a machine which extrudes the butter through 
d die in the proper shape and cuts it off at the desired length. Others 
have automatic machines, Fig. 189, which not only mold the butter into 
H-pound bricks but also wrap the bricks and place them in the finished 
carton. 


QUESTIONS 

1. Show, by a sketch, the construction of the box churn. 

2. Describe the two principal methods of churning. 

3. Show, by sketches, the construction of the roll churn. 

4. Show, by sketches, the construction and principle of operation of the 
roll-less churn. 

5. Discuss the merits of metal churns. 

6. Describe the principle of operation of the centrifugal cream separator, 
and show by sketches the flow of milk and cream in the bowl. 

7. What are the advantages of the air-tight separator? 

8. What is the purpose of the clarifier? Describe the difference between 
the construction of the clarifier and the cream separator. 

9. Show by sketches and explain the principle of operation of the four types 
of continuous buttermaking machines which were described. 


CHAPTER XVIII 


CHEESE AND CASEIN PLANT EQUIPMENT 

In general, much of the equipment in a cheese factory will be of 
the same type as that used in milk plants. The same sanitary pre¬ 
cautions should be observed. The growing appreciation of the impor¬ 
tance of accurate control of operations, together with the advent of 



Fig. 190. Detail of Construction of a Cheese Vat, Showing the Tanks, the Inner 
Tank Support, and the Steam-Distributing Pipe Arrangement. 


large-scale cheese manufacture and the increase in the production of 
processed cheese, makes the cheese factory of increasing significance 
in the dairy-equipment industry. Casein manufacturing is also on 
the increase, necessitating the development of specialized equipment. 

Cheese Vat. The modern cheese vat is similar in form to previous 
models; however, many improvements have been made in details of 
construction. Figure 190 shows a modern cheese vat; note the stream¬ 
lined construction and float bottom. The vat consists of a wooden 
or metal outer box with an inner metal tank so placed that the bot¬ 
tom of the inner tank is supported on a wood rack, allowing a space 
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for steam or water between the two tanks. Note that an H-shaped 
steam pipe with many perforations lies in the bottom of the outer 
tank for the purpose of distributing heat evenly to the inner tank. 

The inner tank or vat pan is usually made of stainless steel, tinned 
copper, nickel, or tinned steel, the most popular material being welded 

18-8 stainless steel. 

The outer tank is commonly made of wood because of its insulat¬ 
ing properties, long life, and freedom from corrosion, nevertheless, 
the metal vat is of value in plants where its use is rather intermittent 
and a wood tank would dry out badly. 



Courtesy of Damrow Bros . 


Fig. 191. The Cheese Curd Mill 


Proper drainage of the vat pan and the outer jacket is of vital 
importance and should be carefully checked before a vat is purchased. 

Vat pans, unless made of stainless steel or nickel, should be re¬ 
moved each year and painted on the outside, as they will then have 
a much longer life. Care in washing as described in Chapter XIX is 
important from the standpoint of maintenance costs. 

Cheese vats are normally made in sizes of 100- to 1,500-gallon 
capacity. 

Cheese Curd Mill. The curd mill, Fig. 191, is used for cutting the 
curd to the proper size for finishing, in the manufacture of cheddar 
and some other types of cheese. This machine is made to fit on top 
of the cheese vat, and it can be moved along as the cheese is cut so 
that the effort in reaching for the product is the minimum. Mills are 
either hand or motor driven and can be made to cut different degrees 


of fineness. Standard mill cut gives %-inch by %-inch cubes. 

Forking Agitator. The forking agitator, Fig. 192, serves to agitate 
and cool the curd after cutting. It is motor driven and travels on a 
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track above the cheese vat so that it passes back and forth from one 

end of the vat to the other, or between the limits of adjustable stops. 

This machine is a great labor saver and also helps to give uniformity 
of product. 

Cheese Press. The gang cheese press as illustrated in Fig. 193 
compresses the cheese after it has been placed in hoops. Many differ- 



Courtesy of Damrow Bros* 

Fig. 192 . The Forking Agitator. 


ent styles of presses have been placed on the market in an attempt 
to obtain uniformity of pressure on all cheeses in the press. Care 
must be exercised to prevent buckling or bulging of the hoops during 
the pressing operation. Hoops are usually from 12- to 16-inch diame¬ 
ter. Special shapes and sizes usually require special attachments for 
the press. 

Care of Cheese Vats and Equipment. The life of cheese vats can 


be greatly lengthened by a few simple considerations as follows: 

If the vat has a tin lining, it should be disassembled once a year 
and the pan turned upside down and steamed thoroughly. The bottom 
and sides should be brushed thoroughly with a stiff wire brush to 
remove loose paint or rust. Any holes should be soldered, then the 
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entire outside of the pan should be painted with a good oil paint. The 
vat should be allowed to dry while still upside down and with a small 
amount of steam turned inside the vat so as to warm the surfaces. 

It is helpful if, in the handling of tools, care is taken that the lining 

of the vat is not nicked or dented. 

It is also important that the vat be so tilted that it drains thor¬ 
oughly. The pipes should not be so left that whey drips into the vat 
overnight, as this causes the tin to come off through electrolytic action, 

and the tank to corrode. 

The outer tank of the vat should be kept well painted at all times, 
and if made of wood, it must not be allowed to become dried out to the 

extent that it will crack. 

Cheese hoops should be thoroughly cleaned at the end of the season, 
then thoroughly dried and greased with unsalted lard. They should 

then be stored in a dry place. 



CourtCHy 0/ Damroic Bran, 


Fig. 193. The Cheese Press (Hydraulic Type). 


Casein Manufacture System. In the manufacture of casein, the 
skim milk is coagulated in cheese vats, forming a curd which is sepa¬ 
rated by drawing off the whey; then this curd is broken up into small 
pieces and dried on trays; the dried product is then passed through 
a grinder which cuts it to a predetermined size, usually so that it will 
pass through a 20-mesh screen. 

Figure 194 shows a tray dryer such as is commonly used where 
lung exposure to the drying temperature is desirable. Usually the 
temperatures are relatively low, that is, in the neighborhood of 130° 
to 150° F., for dairy products. It will be noted that it is simple to 
use either eounterflow nr direct-flow heating currents, depending upon 
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which end the product enters. In practice the trays are usually 

mounted on dollys or some sort of roller conveyor, and when a fresh 

stack of trays is placed in the dryer, a dried one is removed on the 
other end. 

Tray dryers are usually relatively inexpensive as compared to the 


Air circulating 
fan 



Fig. 194. Principle of the Tray Dryer. 


roller and spray dryers. They are not well adapted to the manu¬ 
facture of milk powder on account of the long period of time the 
product is exposed to the heat and the relatively slow rate of drying 
at the temperatures which could be used. The sanitary problems 
connected with a tray dryer have not been completely solved. This 

type of dryer is used quite largely for drying egg albumen as well 
as casein. 

The evaporation takes place in this type of dryer in much the 
same manner as in a spray dryer in that both types evaporate the 
moisture at atmospheric pressure. However, the amount of surface 
of the product which is exposed to the drying air is only a fraction 
of that in a spray dryer of similar capacity and results in relatively 
slow drying. Use of air temperatures which are too high or air which 
is too dry may result in so-called case hardening. When this occurs, 
a hard dry impervious film is formed on the surface of the material 
which is being dried, and continued exposure to the heated air does 
not carry away the moisture on the interior, thus causing trouble in 
drying. 

Note that the dryer consists of a tunnel through which heated 
air is circulated, first over a suitable heating coil and then over the 
product to be dried, which is usually spread out on trays in a thin 
layer. The air flow is controlled so that most of it is recirculated; 
however, enough fresh air is allowed to enter to prevent the humidity 
of the air from becoming too high. A port is provided to exhaust an 
amount of humid air equal to that which is entering. 

The heating coils are usually heated by steam in order to provide 
close temperature control, although a good many dryers of this type 
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are now using either direct gas-heated air or indirect heaters in which 
the air to be heated is carried over hot pipes that are heated directly 

by the products of combustion of an oil or gas burner. 

The performance of a dryer of this sort depends so largely upon 
the kind of material being dried, the susceptibility of the product to 
case hardening, and the temperatures which can be used that it is 
difficult to present general operating data of value. For example, in 
drying casein, if too much heat is used or if the air is too dry, the 
capacity may be actually less than if a lower temperature were used. 
The choice of temperature is often controlled by the quality factors 
of the product being dried. The heat balance for a tray dryer can be 
worked out by the same general formula as suggested for spray dry¬ 
ers. In practice the best results are obtained by maintaining the 
maximum temperature which is suitable for the product and con¬ 
trolling the humidity at the point best adapted to the product. Trays 
should be evenly loaded so that a layer of uniform thickness is ex¬ 
posed to the air. The trays should also be placed so that a uniform 
flow of air is maintained over all trays, so that there are no spots hav¬ 
ing poor circulation. The product should ordinarily be of as low 
moisture content when it enters the dryer as economically possible, 
in order to obtain greatest capacity from the dryer. 


QUESTIONS 

1. Describe the characteristics of a good cheese vat. 

2. What are the advantages of the metal and wood vats, respectively? 

3. Describe the principle of the curd mill. 

4. Describe the heating system of a cheese vat. 

5. What are the characteristics of a good cheese press? 





CHAPTER XIX 


EQUIPMENT MAINTENANCE 

Dairy equipment is more expensive to maintain than equipment 
in many other industries on account of its constant everyday service 
and the presence of water, steam, ammonia, brine, and the like. In 
addition to this, the equipment is usually made demountable for sani¬ 
tary reasons, and this also increases the wear and tear. Table LVII 
shows a standard of depreciation rates for important items of dairy 
equipment and plants; this will be helpful as a guide. The plant 
operator will find it worth while to check his figures against the stand¬ 
ards set in this table and thereby determine whether he is getting the 
expected life from his equipment. 

Economical Maintenance. The secret of economical upkeep is to 
train operators to handle the equipment as if it were their own, and 
to keep a continual inspection for the small things that go wrong. 
This should be supplemented by a periodic general inspection. In 
small plants it has been found most satisfactory for each operator to 
take care of the equipment he runs, when minor repairs are needed, 
since there is very seldom an engineer or mechanic around, even 
though in many plants it probably would be economy in the long run 
to have a man of this type about the place. In larger plants a trained 
engineer is usually available for making all needed repairs. 

Importance of Following Manufacturer’s Instructions. The things 
which go wrong with equipment can oftentimes be easily solved by 
reference to the manufacturer’s instruction book, but the writer’s ex¬ 
perience is that too often the book has been misplaced or lost so that 
the information is not available when needed. The result is that an 
expensive service call must be made by a factory man. It is very 
unfortunate if equipment is unsatisfactory when a simple adjustment, 
as explained in the instructions, would solve the problem. 

Most manufacturers of equipment furnish complete instructions 
that show exactly how the equipment is to be operated. Particularly 
on major items of equipment such as an ice-cream freezer, pasteurizer, 
or refrigeration machine, these instructions are rather highly special¬ 
ized, and the information given is of a detailed nature. Much break- 
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TABLE LVII 

Depreciation of Dairy Equipment 


409 


Item 1 

Years 

Useful 

Life 

Item 

Years 

Useful 

Life 

Rollers 

17-20 

Freezers 

16 

I * U llv 1 U 

Boiler feed pumps 

18 

Fuel oil tanks 

20 

Bottle fillers 

17 1 

Hand trucks 

lo 

Bottle washers, pressure 

16 

Heaters, double tube, S.S. 

12 
"i n 

soaker 

16 

plate, S.S. 

12 

Brine coils 

15 1 

surface, S.S. 

12 

Brine coolers 

15 

Homogenizers 

17 

r\ rt 

Brine tanks 

15 

Ice cans 

20 

Butter cutters 

12 

Ice and brine tanks 

20 

Can washers 

17 

Iceless cabinets 

10 

Cheese press 

21 

Insulation 

20 

Cheese vats, tinned copper 

17 

Milk cans 

4 

4 Ji 

tinned steel 

23 

Milk powdering equipment 

14 

stainless steel 

18 

Milk pumps 

18 

Churns 

15 

Milk scales 

18 

Clarifiers 

14 

Motors 

20 

Coal stoker 

17 

Oil burners 

20 

Condenser, atmospheric 

25 

Pasteurizers, cream 

15 

double pipe 

25 

Pumping machinery 

20 

Cooler 

18 

Pumps, vacuum 

20 

Cooler plate, S.S. 

18 

Recording thermometers 

14 

Cooler surface, S.S. 

12 

Refrigeration machines 

20 

Diaphragm valves 

22 

Regenerators 

12 

Electric wiring 

20 

Sanitary pipe and fittings 

14 

Expansion coils 

22 

Separators 

16 

Feed water heaters 

20 

Steam lines 

20 

Filters, milk 

15 

Water lines 

20 

i 


age of machinery and loss of efficiency, together with unsatisfactory 
operation, can be traced to failure to foliow the manufacturer’s in¬ 
structions. In many plants it is the practice for the superintendent to 
keep the instructions under lock and key, and no one except himself 
sees them. It is felt that a much better plan is for the superintendent 
to allow the operator thoroughly to study the instructions and become 
familiar with them. It has also been found that, in many instances, 
the instructions are not taken care of and soon become lost. Then, 
when a new operator is obtained for a given machine, no one around 
the plant is able to give the man the proper information relative to his 
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machine, and often the machine is damaged as a result. It is impossible 
for a busy superintendent to carry all the detailed instructions for all 
his machines in his mind. Therefore, it is of utmost importance at all 
times that the instructions be available to the man who operates the 
machine. It is e\ en a good plan to occasionally check them over with 

the operator to make certain that the operator has absorbed the in¬ 
formation in the instruction book. 

Operators Should Be Responsible for Their Machines. Divided 
responsibility for the care of equipment causes waste and inefficiency. 
It is of the utmost importance to make some one person responsible 
for each piece of equipment. It should be his duty to see that it is 
always in good condition, and that it is properly operated and properly 
ser\ iced. In many plants, this responsibility can best be placed upon 
the man who operates the machine. He is the man who should be able 
to recognize first any difficulties in the operation, and also he probably 
will understand the operation of the machine as well as anyone in the 
plant. It will not always be possible for him to do the actual work of 
maintaining the machine, as in a large plant this is usually carried on 
by a separate organization. He can, however, see that the work is 
taken care of. We are all familiar with the fact that identical machines 
may perform perfectly satisfactorily in one plant, and yet in a neigh¬ 
boring plant may be in continual difficulty, even though handling the 
same product and apparently under the same conditions. Very often 
the explanation will be found in the fact that in the one plant the 
operator takes pride in his machine and makes certain that it is 
operated properly; in the other, a happy-go-lucky attitude on the part 
of the operator results in continual difficulty. Nothing so contributes 
to the satisfactory operation of the machine as a responsible operator 
who has pride in his machine and takes the trouble to find out how to 
take care of it properly and operate it correctly. 

Common Maintenance Problems. First on the list of causes of 
troubles might be placed “lack of proper lubrication”; second, breakage 
due to operator’s not handling the machine according to instructions; 
third, leaks due to rough handling of equipment; and fourth, corrosion 
due to improper washing and cleaning methods. Care directed to these 
items will pay good dividends in satisfactory service. 

Severe damage to dairy equipment may be done during the clean¬ 
ing operation by the use of improper methods or materials. For ex¬ 
ample, the practice of dumping the washing powder in a heap on the 
bottom of a vat and then adding water will usually cause the tin 
coating of a tinned copper vat to be quickly destroyed. The material 
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should always either be mixed with water in a separate container and 
then added to the vat or should be added slowly in powder form after 
there is considerable water in the vat. Extremely caustic or gritty 
washing powders will cause damage to all types of vat liners except 
stainless steel, which is quite resistant. Aluminum must not be washed 
with alkalies as it is easily corroded by them. It is desirable for a 
dairy to call in a dependable representative of a manufacturer of 
washing powders and obtain his complete recommendation concerning 
washing powders adapted to each piece of equipment. His recom¬ 
mendations should then be checked against those of the manufacturer 


of the equipment. 

Several types of washing powders in commercial use are as fol¬ 
lows : 

Detergents are powders of low alkalinity, which contain some ab¬ 
rasive such as volcanic ash or other grit. They are for both emulsify¬ 
ing and scouring and are satisfactory for milk-stone removal. 

Mild alkali powders usually contain soda ash and sodium bicar¬ 
bonate, as well as chalk or volcanic ash. These powders are satisfac¬ 
tory for use on vats, coolers, and churns. 

Caustic-base powders contain soda ash and caustic soda. They 
are principally for bottle washing, and their use as a general washing 
powder may result in severe injury to equipment. 

Cleansers and emulsors contain trisodium phosphate or sodium 
metasilicate as well as some neutral soda, soda ash, or borax. These 
powders have the property of being free rinsers and are therefore suit¬ 
able for use on glass. They may be corrosive to metals. 

Washing powders containing chlorine, usually in the form of so¬ 
dium hypochlorite or chloramines, have a deodorizing and disinfect¬ 
ing property. They have many applications in a dairy plant and 
particularly on dairy farms. 

Steam and hot water are very satisfactory for sterilizing if prop¬ 
erly used. It is very important, however, that the equipment be 
heated uniformly and gradually in order to prevent excessive strains, 
which in turn may crack the metal or break scams loose. A localized 
overheating such as would occur if steam were applied to a single 
small area of an ice-cream freezer cylinder may warp it sufficiently 
to decrease its freezing efficiency greatly. 

Lubrication. Lack of proper lubrication is one of the principal 
causes of equipment breakdown. The best solution to the problem is 
to have a regular lubrication schedule, and perhaps a lubrication chart 
for each machine, setting out the frequency of lubrication, type of 
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lubrication needed, and the places to be lubricated. The instructions 
for operation of a machine usually give complete data regarding lubri¬ 
cation which, if followed, should result in satisfactory operation. In 
many plants, however, it is found that lubrication is a hit-and-miss 
proposition, with very little attention being paid to frequency of lubri¬ 
cation or of the types of lubricants used. Modem equipment calls for 
certain types of lubricants for certain types of bearings; for example, 
a light, high-speed bearing will require a light oil, whereas a heavy- 
duty, low-speed, plain bearing should have a much heavier oil. Also, 
bearings that are operated at high temperatures must have a lubricant 
specially adapted for this use, just as those bearings that operate at 
extreme low temperatures require special zero oil. The average dairy 
and ice-cream plant has rather high humidity, and for that reason the 
moisture problem must be considered. There are certain lubricants 
available for exposed places that form a tenacious coating on the parts 
and greatly resist rusting and corrosion due to moisture. Then there 
are also oils available that resist emulsification with water and are 
advantageous for flooded systems of lubrication where gears or chains 
run in oil. 

Even the most tightly enclosed oiling system in time will allow 
moisture to accumulate, since moisture is drawn in with the air that 
breathes into the chamber because of the differences in temperature 
and barometric pressure. For that reason, even though water splash 
is entirely eliminated, it is essential to occasionally check the oil in an 
enclosed drive to make certain that it is not contaminated with water. 
Usually the water will collect at the bottom and may be drawn off 
readily. Very good bulletins on lubrication of equipment are available 
from the manufacturers of dairy machinery and also from some of the 
larger oil companies. If there is any question about lubrication, the 
matter should be taken up with a thoroughly competent representative 
of either the machinery manufacturer or the oil company. 

HANDLING OF GREASES. In many cases, bearing failures 
may be traced directly to improper lubrication responsibility and 
to the handling of lubricants. Some of the factors concerned follow. 

CENTRALIZED LUBRICATION RESPONSIBILITY. Many 
plants entrust the lubrication maintenance of machinery represent¬ 
ing large investments to the hands of untrained men or machine 
operators. Wise management recognizes that this procedure is far 
from economical and has given lubrication responsibilities to a 
trained specialist who is fully familiar with the most exacting 
lubricating requirements of the equipment. 
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PLANNED LUBRICATION SCHEDULES. Schedules out¬ 
lining the type of lubricant to be used and lubrication frequency 
should be established and followed. 

LUBRICANT IDENTIFICATION. Frequently the product 
loses its identity after being received by the user and becomes just 
another barrel of grease. Good housekeeping will assure clean and 

well-marked containers. 

LUBRICATING DEVICES. Adequate lubricating devices 
should be supplied if proper lubrication is expected. Lubricating 
devices of proper design are available for the application of each 
type of grease and are suitable for the lubrication of almost any 
type of machinery. Proper lubricating devices make it easier for 
personnel responsible for lubrication to maintain an adequate lubri¬ 
cating schedule. 

ACCESSIBILITY OF LUBRICATING DEVICES. Lubrica¬ 
tion devices should be placed in accessible locations to insure safety 
of the operators and to encourage attention to lubrication. 

FREQUENCY OF LUBRICATION. The approximate grease 
relubrication intervals for anti-friction bearings of average size 
under normal operating conditions (bearing temperatures not above 
the point at which grease begins to lose its sealing ability) is shown 
in Fig. 195. Heavier bearings will require more frequent lubrica¬ 
tion; lighter bearings, less frequent. 

Whenever the lubricant is changed, it is recommended that the 
bearings be thoroughly cleaned to remove old grease and contami¬ 
nants. This is particularly important when changing from one type 
of grease to another. Mixing greases of different types may result 
in accelerated decomposition. 

OVER- OR UNDER-LUBRICATION. Over-lubrication 
causes overheating and waste of lubricant. Under-lubrication re¬ 
sults in excessive wear, overheating due to friction, and resultant 
reduced bearing life. 

The danger of over-lubrication cannot be emphasized too 
strongly. It is, perhaps, more of a problem than insufficient lubri¬ 
cation because experience has shown that maintenance personnel 
have a tendency to apply too much grease when using pressure guns 
rather than too little. 

It has been observed that, if a high-speed, anti-friction bearing 
equipped with a grease fitting is pumped full of grease, the grease 
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increases in volume, and excessive pressures and temperatures result 
because of the churning of the lubricant and the resulting rise in 
temperature. High grease pressures may result in bearing damage 
01 breaking of seals, causing leakage of grease and damage to sur¬ 
rounding equipment. It is for these reasons that anti-friction bear¬ 
ing manufacturers generally recommend that a bearing be packed 
or filled not more than one-third to one-half full. This practice will 
allow the grease, under operating conditions, to expand without 
building up excessive internal pressure. This is particularly im¬ 
portant in connection with grease lubrication of electric motors. 



Courtesy of SKF Industries Inc. 

Fic. 195. Approximate Grease Relubrication Intervals, under Normal Operating 

Conditions, for Anti-Friction Bearings of Average Section Height. 

Exceptions to this practice may occur where, for example, low 
torque is required and smaller amounts of grease may be used. 
Where speed is low and bearings are exposed to excess dirt or 
moisture, bearings may be packed nearly full. 

Several devices have been designed for control of over-lubrica¬ 
tion. Among these are relief plugs that are removed when greasing 
to allow escape of excess grease, and various types of special grease 
fittings with relief valves to discharge any overfill of grease. 

Prelubricated, sealed-for-life, anti-friction bearings are filled by 
the manufacturer with the proper amount of grease. They do not 







































































































































































































415 


EQUIPMENT MAINTENANCE 

require relubrication throughout their life except where severe 
service conditions prevail. 


CONTAMINATION AND CORROSION. The pre sence of 
abrasive contaminants such as dust, dirt, metal particles, hardened 
grease deposits, and other foreign materials is probably the prin¬ 
cipal source of anti-friction bearing damage and failure. Another 
important cause for bearing trouble is corrosion resulting from 
moisture introduced by handling or by exposure to excessively wet 


conditions and inadequate sealing. 

The grease manufacturer carefully controls all phases of grease 
processing and packaging so that dirt and other contaminants will 
be excluded. It is equally important that the user of greases exer¬ 
cise unusual care in handling, transferring, and applying grease 
lubricants. Grease containers should be kept covered; grease-dis¬ 
pensing equipment should be cleaned; grease fittings should be 
wiped clean before refilling. 


Indications of Faulty Operation of Anti-Friction Bearings. Faulty 
anti-friction bearing operation can sometimes be distinguished from 
abnormal noises. Accurate diagnosis, however, is possible only if the 
bearing is dismantled and inspected. Some of the defects that cause 
noisy bearing operation are: 

1. A scraping noise, which indicates the presence of foreign 
bodies such as metal chips, dirt, or sand. 

2. A regular grinding noise, which indicates cracked or jammed 
balls or rollers; an irregular grinding noise may indicate that the 
bearing cage is rubbing against the inner or outer race. 

3. A clear, metallic ringing, almost a whistle, indicates lack of 
lubricant. 

4. A jolting noise indicates surface crumbling or races and roll¬ 
ing elements out of line. Another cause is hardened deposits on the 
rolling elements resulting from lubricants of poor quality or of 
improper type. 

5. Alternately strong and weak rattling indicates a loose ball or 
roller, or too much play in the bearing cage. 

6. A regular humming sound indicates that the bearing is in 
normal operation. 

Corrosion of Equipment. Corrosion of dairy equipment is one of 
the major problems, as it accounts for great annual loss to the in- 
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TABLE LVIII 

Characteristics of Grease * 


Class 

Type 

Kind of Soap 

Approximate 
Dropping 
Point t 

Characteristics 

Conventional 
lime soap 

Cup 

Lime fat 

190° F. 

Smooth; water resistant; separates on 
boiling out water content; limited 
consistency loss on working. 

Axle 

Lime rosin 

170° F. 

Smooth; sticky; water resistant; sepa¬ 
rates on boiling out water content; 
great consistency loss on working. 

Soda soap 

Fiber and 
sponge 

Soda fat 

375° F. 

Fibrous; not water resistant; does not 
separate at elevated temperatures; 
variable consistency loss on working. 

Medium and 
short, fiber 
or smooth 

Soda fat 

375° F. 

Semi-smooth to smooth; not water re¬ 
sistant; does not separate at elevated 
temperatures; variable consistency 
loss on working. 

Block, brick 

Soda fat (vari¬ 
able soda- 
rosin con¬ 
tent) 

400° F. 

Smooth; hard; not water resistant; does 
not separate at elevated tempera¬ 
tures. 

Aluminum 

soap 


Aluminum fat 

230° F. 

Smooth, transparent, gel-like or stringy; 
water resistant; becomes fluid at 
elevated temperatures; limited con¬ 
sistency loss on working. 

Lithium soap 

Multi¬ 

purpose 

Lithium fat 

375° F. 

Smooth; water and heat resistant; does 
not separate at elevated tempera¬ 
tures; limited consistency loss on 
working. 

Mixed base 


Combination 
of two or 

more 

Variable (de¬ 
pending on 
composi¬ 
tion) 

Variable (depending on composition). 

Compounds 

■ 

Residuum 

Usually none 
(not a true 
grease) 


Smooth; black; adhesive; excellent 
pressure and water resistance. 


* Courtesy of Standard Oil Co, 

f Maximum usable temperature is considerably below the dropping point because of oxidation 
and evaporation which occurs at elevated temperatures. 


dustry. The use of stainless steel has greatly reduced this loss in many 
items, but the protection of general plant equipment is still a problem. 

See Chapters I and X. 

In general, corrosion is caused by an electrochemical action which 
takes place in the presence of moisture and causes the surface to pit or 
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rust. The best protection for the exterior surfaces of dairy equipment 
ordinarily is to keep them well painted with a good-quality moisture- 
and heat-resisting paint. Certain parts, however, can be better pro¬ 
tected by some of the metallic coatings such as galvanizing, tinning, 
chrome plating, or use of some of the new synthetic coatings such as 

Lithcote. 

It will be found that certain moving parts which are subjected to 
corrosion can best be protected by coating them with a material like 
Cosmoline or a heavy grease. It will also be found that the corrosion 
problem in the dairy plant can be minimized by proper ventilation of 
the building so that moisture does not collect on the surface of the 
equipment and remain there for long periods. Furthermore, ammonia 
is very corrosive, especially in contact with materials containing 
copper; therefore, all ammonia leaks should be prevented, if possible. 
Valve stems on ammonia fittings should be kept well greased so that 
they do not become pitted. 

Corrosion and pitting of the interior surfaces of vats and machinery 
are best prevented by attention to proper cleaning methods as men¬ 
tioned above, and by keeping the equipment as dry as possible when 
not in use. Some plants have found it helpful to hang an aluminum 
plate in the vat to prevent electrolytic corrosion of tinned copper vats. 
One end of this plate is attached solidly to the vat lining by soldering 
or other means, and a free end is allowed to contact the product in the 
tank, thus setting up a proper electric potential in the right direction 
so that the aluminum plate rather than the vat lining goes into solu¬ 
tion. It is, of course, important to prevent corrosion due to electrolytic 
action caused by stray electric current from ungrounded motors. If 
undue corrosion is noted and the answer is not readily seen, this possi¬ 
bility should be investigated. 

Proper ventilation of dairy plants will reduce rusting and mainte¬ 
nance since a dry surface does not rust badly. 

Nothing is more pleasing to the eye of the visitor or inspiring to 
the plant employees than a well-kept clean and orderly plant. 

Tools. The average small plant must decide what tools to have 
available and how to take care of these tools so that they will not be 
lost. Frequently the difficulty of keeping tools has been found to be 
so great that the management has given up in despair, even though 
the lack of a single tool may cause a large loss at times. 

The author believes that a few well-selected tools, properly kept, 
are essential to any dairy plant, and this need not be a burden. 

The key to the problem of caring for tools is to have a rack or 
hook for each and every tool and have each tool stamped and painted 
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a distinctive color. If a tool is to be frequently used on a special 
machine, the tool rack should be near that machine. The general- 
purpose tools should be kept in a locked cabinet with outline painted 
on the back of the wall cabinet for each tool. Small tools can be kept 

in a portable metal box. See Fig. 196 for a typical tool cabinet suitable 
for dairy plants. 



Fig. 196. A Type of Tool Cabinet for Milk Plants. 

SUGGESTED LIST OF TOOLS, ETC., FOR SMALL DAIRIES 


For Pipe Fitting 

1 24-in. Stillson pipe wrench 

1 18-in. Stillson pipe wrench 

1 12-in. Stillson pipe wrench 

1 8-in. Stillson pipe wrench 

1 adjustable pipe vise to take %-in. to 2-in. iron pipe 
1 adjustable pipe die and stack to take %-in. to %-in. pipe 

1 adjustable pipe die and stack to take !4-in. to 2-in. pipe 

1 pipe cutter to cut 14-in. to 2-in. pipe 
1 pipe reamer to take %-in. to 116-in. pipe 
1 lb. white lead 
1 lb. powdered graphite 
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General-Purpose Tools 

1 12-in. monkey wrench 
1 12-in. crescent wrench 
1 6-in. crescent wrench 

1 set socket wrenches to take *4- to %-in. hex nuts 

1 set Allen set screw wrenches to take !4- to %-in. set screws 

1 1-lb, ball peen hammer 

1 light punch 

1 heavy punch 

1 hack saw and blades 

1 center punch 

1 6-in. screw driver 

1 10-in. screw driver 

1 set twist drills %-in. to %-in. 

1 bench drill press 
1 12-in. level 
1 carpenter's brace 

1 set wood drill bits, size % in. to 1 in. 

1 24-in. by 18-in. carpenter's square 
1 6-ft. folding rule 
1 carpenter's 24-in. hand saw 
1 standard claw hammer 
1 set electrician's pliers 
1 pair ordinary pliers 
1 6-in. heavy-duty bench vise 
1 set tin snips 

Soldering Equipment 
1 blow torch 

1 heavy soldering copper (2 lb.) 

1 electric soldering copper 
solder 

1 box non-corrosive soldering flux 

Miscellaneous Items 

1 test pressure gauge, 0 to 150 lb. pressure 
1 box fine valve grinding compound 
1 set packing hooks 

1 assortment of sheet and special packing to fit equipment in plant 
1 portable tool box 

1 set ammonia leak detectors (sulfur sticks) 

1 assortment of machine bolts, screws, nails, washers, etc. 

1 gas mask 
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Stuffing Boxes. Many types of stuffing boxes are found on dairy 
equipment, the principles of which are shown in Fig. 197 . It will be 

found that large losses can be prevented yearly by proper attention 



Fig. 197. Types of Stuffing Boxes. 


A. Plain threaded nut with follower. 

B . Threaded nut with follower and lubricating section. 
0. Double-stud-type follower. 


to stuffing boxes. For sanitary reasons, the use of stuffing boxes is 
being rapidly discontinued where the packing would come in contact 
with milk products. The rotary seal shown in Fig. 100 is the modern 
sanitary substitute for the stuffing box. 

Packing. It is essential that the proper type of packing be used 
for a stuffing box. The recommendations of the manufacturer of the 
equipment should be followed closely; however, in general, the follow¬ 
ing classification of types of packing and their use will be found 
helpful: 


Product 

Milk 

Brine 

Water 

Steam 

Ammonia 

Homogenizers 


Type of Packing Used on Shafts and Rods 

Square flax (paraffined) or rubber composition 

Graphited square flax 

Graphited square flax 

Graphited cotton and asbestos mixture 

Graphited cotton mixture 

Special rubber or leather U-shaped rings or paraffined square 
flax 


In packing a stuffing box on a rod or shaft it is essential that the 
rings of packing be inserted in such a manner that the joints are stag¬ 
gered. It is also suggested that packing be replaced before it becomes 
so hard that it scores the shaft. Tightening the stuffing box too much 
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causes scoring of rods and destruction of packing. If the packing is 
of the proper type it is not necessary to have it extremely tight. It is 
essential to draw the packing nuts up evenly, as otherwise the shaft 
may be scored through uneven pressure or by the gland’s actually 
rubbing on the shaft. 

Care of Tinned Surfaces. On account of the prevalence of tinned 
surfaces in the dairy industry their care is of concern to nearly every 
dairy man. In order to obtain best service from a tinned surface, two 
principal considerations should be kept in mind. First, tin is a 
soft metal and is easily scratched and eroded by abrasion. For this 
reason, abrasives such as steel wool, detergents in washing powders, 
and the like should not be applied to tinned surfaces unless absolutely 
necessary. Second, tin is acted upon by electrolysis when in contact 
with other metals, and under certain conditions extensive impairment 
of the tin surface results. The tin may disappear completely, or local¬ 
ized spotting and removal may occur. 

Careful studies indicate that the corrosion of tinned surfaces is 
often due to the setting up of an oxygen concentration cell or cells. 
Since the oxygen content of the moisture underneath a particle of 
milk stone or dried milk, for example, is less than that in the moisture 
on the metal adjacent to the particle of milk stone, a weak electrical 
potential is set up which results in electrolysis and consequent corro¬ 
sion of the spot of metal. It has been noted that black spots which 
are the first evidence of this corrosion are generally found under milk 
stone or curd particles which have adhered to the tinned surface for 
some time either during or after the processing operations. The spots 
are frequently found underneath dried milk which has splashed onto 
the metal above the liquid level or where foam has dried. This may 
be found within a few hours after new equipment is placed in service. 

It has been found that the formation of the black spots can be 
practically prevented by rinsing and washing the equipment immedi¬ 
ately after use so that curd particles do not dry on the surface. The 
surface should also be scalded so that it is hot enough to dry quickly 
after washing. Black spots can be removed by rubbing carefully with 
a damp cloth and Wyandotte detergent on a wetted surface. Deter¬ 
gents are not recommended for general use on tinned equipment on 
account of their abrasive nature; however, in this instance they are 
the lesser of two evils. Spotting of the tin seems to be a rather gen¬ 
eral problem, found in nearly all plants to a greater or less degree. 

Retinning of Surfaces. Tinned surfaces require occasional retin¬ 
ning, which can best be done by a retinning expert who has the neces- 
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sary equipment and is familiar with the work. It is possible, how¬ 
ever, for the average plant to retin small pieces and do some touching 
up of exposed copper, if certain simple procedures are followed. 

When retinning, the first step is to clean thoroughly the surface 
to be retinned, removing every trace of fat and milk stone. This can 
be done by thorough washing in a strong alkali, followed by rinsing 
with hot water, then drying. Then the surface should be thoroughly 
cleaned with a solution of cut hydrochloric acid applied with a swab 
or brush. The next step is to heat the surface, using a clean flame 
from a blow torch or gas torch. Then the tin should be applied, by 
melting with the torch, and using the force of gravity as well as a 
wiping action of a clean cloth to spread the tin and remove any excess. 
Considerable skill in handling the torch and in wiping is required to 
obtain a fine uniform coating. Only the best grade of pure block tin 
should be used, as tin containing lead will discolor and become dark 
in a short time. 

Electro retinning is sometimes practiced. It is possible by this 
method to build up a heavier tin coating than*by dipping or by the 
torch method; however, this coating is generally considered to be 
not so firmly bonded or so non-porous as that secured by the hot 
method. 

Care of Milk Cans. A milk can must stand a great deal of abuse 
in the average plant. It is important that care be observed in the 
handling of milk cans so that they are not dented or damaged more 
than necessary. Also, in washing cans, the cleaning solution should 
be kept at the proper strength as alkali or acid cleaners of too great 
concentration will remove the tin and allow rusting. Careful attention 

V 

to thorough drying of the cans when they are washed will pay extra 
dividends of increased life of the can, as well as improved quality of 
the milk product which is to be handled. Retinning is suggested at 
intervals, provided that the structure of the can is still good, even 
though the tin coating has worn off. 

Setting of Machinery. In setting machinery the equipment should 
be located, if possible, in a light, dry place with plenty of room to 
work around it for cleaning and repairs. The arrangement should 
be such that the minimum amount of sanitary piping is used, con¬ 
sistent with efficient operation. Related equipment may be grouped 
together to facilitate supervision. Straight-line flow of product is 
usually desirable. Many plants allow space for unit machines to be 
added later when the business grows; for example, in hooking up a 
line of ice-cream freezers, space and connections are allowed for addi- 
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tional machines to be installed without rearranging the existing equip¬ 
ment. 

Many machines, particularly the heavy ones, are set directly onto 
the floor or on a concrete base and grouted in thoroughly with a rich 
cement mixture of 1 part cement to 2 1 /£ parts sand with sufficient 
water to make the cement workable. 

The modern tendency toward improved sanitation has resulted in 
wide use of the ball-foot mounting in which equipment such as tanks, 
freezers, fillers, and washers are set on pipe legs 6 to 12 inches long 
having a round ball foot. Usually this ball foot rests on the floor 
directly, although on very heavy machines it may rest on a special 
floor plate. 

Where machinery is bolted down, it is customary to set bolts in 
the .concrete, either by casting the concrete around them while they 
are held with a template, or by drilling a hole in the concrete, setting 
the bolt in the hole, then pouring molten lead or sulfur around it. 
A modification of this method is to place a sleeve made of a piece of 
pipe around the bolt and fasten this sleeve in tightly but allow the 
bolt to move, thus making it easier to line up the bolts with the bolt 
holes in the frame of the machine. This latter method should not be 
used in the dairy manufacturing rooms on account of the unsanitary 
feature, but it is perfectly good for an engine room. 

Expansion bolts are also widely used for setting machinery. They 
have a two-piece nut which fits into a hole bored in the concrete and 
is arranged to expand tightly in the hole as the bolt is drawn down. 

QUESTIONS 

1. What is the most important maintenance problem in the average dairy 
plant? 

2. How can the corrosion of dairy equipment be best prevented? 

3. How would you organize the maintenance program of a medium-sized 
dairy plant? Of a small plant? 

4. Make a suggested list of the tools needed in a small dairy plant. 

5. Discuss the kind of packing adaptable for use with milk; with water; 
with brine. 


CHAPTER XX 


DAIRY PLANT DESIGN, LAYOUT, AND UTILIZATION 


Nearly everyone who has worked in a dairy plant has probably 
visualized the kind of a plant he would build if he had the oppor¬ 
tunity, and it can be said that many modern dairy plants are works 
of art. Most companies now employ the services of an architect to 
draw up a plant of pleasing design, and consult with the dairy-equip¬ 
ment manufacturers for ideas on the latest machinery. But, perhaps 
most important of all, they visit other plants around the country 
which handle similar products, and from it all they obtain the ideas 
they wish to incorporate in their finished design. It is a fact that 
the greatest mistake usually made in a dairy plant is to build it too 
small or too large or so that it cannot be enlarged readily. A number 
of general principles can be applied in designing a milk plant, as 


follows: 

Location of the Building. The plant should be located where 
transportation is good. This may be on a railway siding or near a 
paved highway; at any rate, it should be easy to transport raw mate¬ 
rials to the plant and take the finished goods away. Some small 
plants have been very successful by locating on a heavily traveled 
highway where a sales room in connection with the plant is a good 
advertising proposition and at the same time sells a quantity of prod¬ 
ucts. The type of business, whether wholesale or retail, has an im¬ 
portant bearing upon location. A study of chain-store methods will 
show the importance of location if the plant is to sell at retail. If 
the advertising value of the outside appearance of the plant is not so 
important, as in a large city manufacturing plant, the location can 
be in an inexpensive part of town. Many firms save on overhead by 

building in a small town rather than in a large city. 

Building. The type of building is important in that it affects the 

public reaction, as well as upkeep and first cost. Many milk and ice¬ 
cream plants go to extreme lengths to produce a favorable public 
appearance, for they find it to help sales. A well-designed artistic 
building with good landscaping is an asset to any dairy business which 
deals with the local public. Brick, stone, or concrete buildings are 
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very popular; they are fireproof and withstand the moisture very well. 
Good architectural treatment will produce a beautiful building in 
any of the three materials. 

The size of the dairy plant is of importance, for it does not pay 
to overbuild. Numerous examples of these mistakes are found all 
over the country. It is perhaps better to underbuild, with provision 
for adding on later, rather than to build a plant of a size which will 
not be needed until far in the future. Particularly in new business, 
the overhead cost on a large building and equipment has bankrupted 
more concerns than perhaps any other factor. It is certainly essen¬ 
tial, however, to provide for expansion in both land and building, as 
dairy plants are likely to grow faster than anticipated. 

Floors. The floors in dairy plants are important since they must 
withstand both the moist conditions in the plant and heavy trucking, 
and they must also be sanitary and easily cleaned. One of the mistakes 
most frequently made is not to provide sufficient drainage. It is highly 

essential that floors which have much water on them should slope % 
inch to the foot. 

The material for floors is usually a heavy concrete. Many plants, 
however, prefer the terrazza-type floor or tile. The tile are very long 
wearing but must be properly cemented in if they are to give good 
service. They have a marked advantage over most other types of 
floors in that repairs are easily and inexpensively made, without leav¬ 
ing a patched appearance. The so-called packing-house type of tile 
is probably the most popular for the dairy plant. It is essential that 
a good concrete base be placed under the tile and that the mortar 
between the tile is of the highest quality. Best results are obtained 
with minimum space between tiles. 

Since concrete floors are so widely used in dairy plants, the follow¬ 
ing general information supplied by the Portland Cement Association 
relative to their construction and care will be found of value. 

The floor finish should be 1 inch thick applied over a good concrete 
base. It should be of the heavy-duty type, of clean, hard aggregates 
free from dust, clay, loam, or vegetable matter. The usual mixture 
should be 1 part of portland cement, 1 part fine aggregate, and 2 parts 
coarse aggregate by volume. The volume of the coarse aggregate 
should in no instance be less than V/ 2 times the volume of the fine. 
r l he amount of mixing water, including the moisture in the aggregates, 
should never exceed 5 gallons for each sack of cement in the mixture. 

The concrete should be of the driest consistency possible to work 
with a strike off board or straight edge. 
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The finish of the top surface should be by troweling, with a steel 
trowel, after the surface has hardened sufficiently to prevent excessive 
amounts of fine material from working to the surface. No dry cement 
or mixture of dry cement and sand should be sprinkled on the surface 
of the concrete to absorb excess water. 

Concrete floor paints of oil base, rubber base, or synthetic resin 
base are adaptable where decorative effects are needed. Painting is 
not advised where there is heavy trucking or dragging of boxes across 
the floor; it is very desirable, however, in offices, laboratories, and 
engine rooms. The concrete should be clean and thoroughly dry when 
painted; in fact, painting should not be done for several months after 
new concrete has been laid, in order to give time for drying and curing. 
The surface should be neutralized by mopping with a solution con¬ 
taining 4 pounds of zinc sulphate per gallon of water. After 48 hours 
the crystals should be washed off with clean water, then after the 
concrete is thoroughly dry it can be painted successfully. The paint 
should be applied in three coats. The first should be very thin or 
about half paint and half thinner. The second should have some 
thinner, and the third should be as it comes from the can. 

Concrete floors may be protected to a certain extent from the ac¬ 
tion of acids and moisture by giving them a waterproofing treatment 
with linseed oil or China wood oil. The first coat in this treatment 
should be of equal parts of the oil and a thinner such as turpentine. 
The second coat should contain somewhat heavier oil, applied after 
the first has been well absorbed. The oil should be applied with a 
mop or brush and the excess removed with a squeegee before the oil 

becomes tacky. 


In some dairy plants where large temperature changes occur in 
the floor due to the dumping of great quantities of hot water, it may 
be advisable to reinforce the concrete with light wire mesh, in order 
to prevent cracks. The mesh should be 4 by 4 inches. 

Concrete floor finish in receiving rooms and other places where 
the floors will be subject to heavily loaded trucks or falling objects 
should be armored. The armor consists of cast gray iron grids or 
strips. It should be installed in accordance with the manufacturer's 
recommendations, with the top surface at the exact level of the fin¬ 
ished floor. Care should be taken to fill all the openings in the grill 

completely. 

Where non-slip floors are required, they can be made by roughen¬ 
ing the surface with a fine hair brush or by a wood float or by the 
incorporation of non-slip aggregates, sprinkled on the surface of the 
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wearing course just prior to finishing. About % to pound of the 
abrasive is applied per square foot of floor area. 

Walls. Materials commonly used for inside walls in a milk plant 
include glazed tile, wall tile, glazed brick, plaster, concrete, and con¬ 
crete blocks. Tile or glazed material is desirable for a height of at 
least 4 feet above the floor in manufacturing units, and in many in¬ 
stances should be carried entirely to the ceiling. 

Inside corners should be rounded with special pieces, and the joints 
at the floor should be covered by rounded pieces of tile. 

Salt-glazed tile is widely used in the construction of walls for milk 
plants. Tiles 3.78 inches thick may be used for partitions. Tile for 
facing a wall is 1% inches thick. 

Drains. Drains for dairy-plant floors should be of the square type 
with a flush joint in the bottom so that no liquid is retained in the 
drain and so that it can be readily cleaned. A trap is placed beyond 
or underneath the drain. Two cast-iron cover plates are ordinarily 
used, the lower one perforated and the upper one slotted. A very good 
type is one which is equipped with an oversize perforated metal bucket, 
which may be removed daily and cleaned of such material as bottle 
caps, strings, etc., which are likely to be collected. 

Windows. Wood, steel, or galvanized steel is satisfactory for 
window sash. The puttied side of the glass should be on the outside. 
It is recommended that sills should be sloped at a 50° angle to prevent 
dirt and dust accumulation. 

Doors. Steel doors are preferable for milk plants. They should be 
of the all-welded type and galvanized after welding. Some plants cover 
these doors with stainless-steel plates. 

Identification of Piping Systems. It is suggested that milk plants 
should make use of the standard color identification system proposed 
by the National Safety Council, as follows: 


1. Safe products (air and water), green. 

2. Dangerous materials, such as ammonia, fuel oil, high-pressure 
steam, yellow. 

3. Fire-control equipment, red. 

Mold Prevention. Mold is likely to be troublesome wherever high 
moisture conditions prevail, particularly in medium temperatures. 

It is suggested that some merit exists in the use of synthetic resin 
gloss paint. It is possible to purchase paint incorporating a mold 
retardant, consisting of 0.7 of 1 per cent pentachlorophenol. 
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Lighting. Satisfactory lighting or illumination of the milk plant 
is important since it not only increases safety and improves accuracy 

but also makes it possible for workmen to operate with greater ease, 
comfort, and speed. 

There are three main requirements for good lighting: (1) enough 
light for all visual tasks; (2) proper distribution and diffusion of light; 
(3) absence of glare. 

It is recommended that work should never be illuminated more than 
ten times the brightness of the surroundings and preferably less than 
five times, otherwise the same effect is encountered when one walks 
from the outdoors into a movie theater, with resulting eyestrain. 

Walls and ceilings should be painted in a light color, not only to 
minimize the contrast between the work and surroundings but also to 
give maximum results from the illumination. 

It is important that illumination be of sufficient intensity to bring 
out the various objects without eyestrain. The illumination levels 
noted in the following table are generally accepted as being satisfac¬ 
tory in the dairy industry. Care should be observed to maintain a 
good uniform level of the illumination throughout the building, with¬ 
out excessive glare and without excessively bright spots, except for 
certain apparatus that requires discrimination in fine details, such as 
gauges, cleanliness of bottles, and so forth. 

It is suggested that the window area be equal to at least 20 per 
cent of the floor area, where dependence is placed upon natural light. 
It is also advisable that such natural light enter the room from more 
than one side. 

If 'skylights are used, they should be sloped to allow water to run 
off easily. 

See Chapter IV for description of lighting equipment. 

Definition of Lighting Unit. The lumen is the unit of luminous 
energy. It is considered to be the amount of light falling on 1 square 
foot of surface at a distance of 1 foot from a standard candle. 

The foot-candle is the unit of illumination and measure of light 
density falling on a surface. It is considered to be intensity of light 
falling on a surface 1 foot from a plumber’s candle. 

Special Lighting Requirements. It is suggested that bottle-washer 
installation should have an intensity of 20 foot-candles of light for 
general illumination, supplemented with a minimum of 50 foot-candles 
at the loading end of the washer. The bottles should be silhouetted 

against a luminous surface. 
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RECOMMENDED MINIMUM STANDARDS OF ILLUMINATION 

FOR DAIRY PLANTS 

Minimum Operating 


Location 

Foot-Candles 

Boilers 

10 

Bottle storage 

10 

Bottle sorting 

50 

Bottle washers 

70 

Can washers 

20 

Filling and inspection point 

50 

Gauges 

30 

Laboratory 

50 

Loading platform 

10 

Scales 

30 

Thermometers 

30 

Pasteurizers, separators and 
general equipment 

20 


All difficult seeing tasks should have a minimum of 50 foot-candle 
intensity. Ordinary seeing tasks should have a minimum of 25 foot- 
candle intensity. 

The above data are supplied by the Illuminating Engineering So¬ 
ciety in cooperation with the International Association Milk Dealers, 
the Dairy Industry Supply Association, Inc., and the Glass Container 
Association. 

Ventilation. Good ventilation is important in a dairy plant, par¬ 
ticularly from the standpoint of providing good employee operating 
conditions and for the protection of the products. 

Each person requires approximately 30 cubic feet of fresh air per 
minute. In small plants ventilation is usually obtained by the use of 
ventilating sash, ventilating skylights, or ceiling ventilators. 

Larger plants ordinarily require or use artificial ventilation with 
motor-driven fans. The ultimate in this connection is the complete 
air conditioning of certain rooms in many of the modern plants. 

Condensation. The presence of excessive condensation in milk 
plants may become very troublesome. Condensation can be minimized 
by proper ventilation. However, there are instances where special 
precautions in addition to ventilation must be used. For example, in 
a cold climate, it may be necessary to insulate the ceiling of the manu¬ 
facturing room with corkboard or other insulating material ifi order to 
keep it from becoming so cold as to cause condensation. In a cold 
country, the outside air during the winter should always be heated 
before it is brought into the manufacturing room. 
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Arrangement of Dairy Plants. The arrangement of a dairy build¬ 
ing is a matter largely of meeting local conditions, but in general it 
should provide for straight-line movement of products and ease of 
supervision. Small plants usually combine a number of operations 
in a single room. All receiving rooms should be separate from manu¬ 
facturing rooms. Local health regulations oftentimes are a determin¬ 
ing factor in arrangement. The U. S. Public Health Service offers 
excellent suggestions oh arrangement. The so-called gravity plant is 
not considered so important as formerly, for better methods of pump¬ 
ing and handling the milk have eliminated the advantage of gravity 
flow. Arrangement should allow building expansion without costly 
remodeling. 


Time and Motion Studies on Labor Efficiency in the Dairy Plant. 

Time and motion studies are the analysis of the methods, materials, 
tools, and equipment used in the performance of work. The purpose 
of such studies is (1) to find the most economical way of doing the 
work; (2) to standardize the methods, materials and equipment; (3) to 
determine accurately the time required by a qualified person working 
at a normal pace to do the task; (4) to assist in the training of the 
worker in the new method. 

Dairy plants may be greatly benefited by the use of work-simplifi¬ 
cation or time- and motion-study methods. Perhaps the greatest sav¬ 
ing can be made in the field of cleaning operations, although any of 
the normal plant operations may be improved through study and use 
of work-simplification methods. 

Work simplification as we know it today is the outgrowth of studies 
made by Frank C. Gilbreth and his wife, Lillian F. Gilbreth, Their 
principle was to break down operations performed by man to funda¬ 
mental motions of the two hands, which they called therblig. In actual 
practice, the operation is broken down into its simplest elements or 
steps. The steps are then put on a device known as a process chart, 
which is a graphical representation of the steps needed to complete 
the operation. A flow diagram is then made, which traces the path of 
the operator, the material, or object through the plant. This is usually 
followed by an activity chart, which is a breakdown of the operation 
plotted against a time scale. All the data are then analyzed in an 
effort to find a better method. Often certain steps can be combined or 

eliminated, or perhaps an easier method can be figured out. 

When the operation has been improved it is then taught to the 
operator. After some practice, readings are again taken, usually about 
ten for each element, and the performance is then rated. The normal 
performance is usually taken as 100 per cent. 
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The rating given the operator is multiplied by the average time of 
each step. This time will equate all operators, both fast and slow. 
All the individual times of each step are added up to give the total 
time for the whole operation. An arbitrary amount is added to take 
care of allowances for rest, personal needs, or unusual working condi¬ 
tions. The result is the standard time for the operation. 

This time is used as a basis for establishing piece-work rates setting 
a fair day’s work, predicting manpower requirements, and predeter¬ 
mining the cost of finished products. 

Of particular note in connection with time and motion studies in 
the dairy industry are the efforts of H. P. Hood & Company of Boston 
to incorporate the principles of work simplification into their opera¬ 
tions; also studies made at Michigan State College by William E. 
Shiffermiller, in which he accurately studied the cleaning operations 
of three representative dairies from a work-simplification standpoint. 

John Perry of National Dairy Products Corporation and coworkers 
have also studied work simplification, particularly from the standpoint 
of cleaning operations, and have developed a number of cleaning aids 
that show considerable promise. 

Shiffermiller found in his studies that the percentage of total clean¬ 
ing labor represented by cleaning a sanitary pipe and fittings in the 
three milk plants was as follows: dairy A, 34.5 per cent; dairy B, 39.2 
per cent; dairy C, 42.6 per cent. He also found that the percentage 
of total cleaning time for pipes and fittings represented by carrying 
pipe and fittings to and from the wash tank, for example, was as 

follows: dairy A, 18.9 per cent; dairy B, 13.8 per cent; daily C, 14.9 
per cent. 

He found that the layout of the plant has a great effect on the 
amount of time necessary to assemble and disassemble sanitary pipe 
and fittings. The equipment should be laid out in a manner that keeps 
the amount of sanitary pipe and fittings to the minimum. He also 
found that, if sanitary pipe is so located that it requires a stool or step- 
ladder for assembling and disassembling, much more time is required 
for these operations. The use of parts racks on wheels reduces the 
assembly and disassembly time of many pieces of equipment. 

He found that the type of equipment on which relatively large 
amounts of time were spent in washing the exteriors were those with 
stainless-steel outside liners, bottle fillers, and sanitary pipes. Where 
the outside liner of a vat, for example, was a painted or enamel surface, 
relatively little time was spent on washing the exterior. 

It is of note that the percentage of the total plant labor represented 
by cleaning labor of the three dairies studied varied from 17.61 to 20.01 
per cent. Note Table LIX. 
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Shiffermiller also studied the percentage of time represented in 

cleaning labor for various major group units, as shown in Table LX. 

It is of interest to note the time required for certain of the major 

cleaning operations of various pieces of equipment as shown in Table 
LXI. 


TABLE LIX 

Percentage of Total Plant Labor Represented by Cleaning Labor * 



Total Daily 

Daily Man-Hours 

Percentage of 
Total Plant 
Labor Repre¬ 
sented by 


Man-Hours 

for Cleaning 

Cleaning Labor 

Dairy A 

49 

9.26 

18.89 

Dairy B 

83 

16.60 

20.01 

Dairy C 

140 

24.66 

17.61 


* W. R. Shiffermiller, thesis, Michigan State College. 

TABLE LX 

Percentage of Total Cleaning Labor Represented by Major Group Units * 



Assembly 
and Dis¬ 
assembly 

Rinse 

Wash 

Exteriors 

Wash Milk- 
Contact 
Surfaces 

Prepare 

Cleaning 

Solutions 

Get and 
Return 
Hose 

Dairy A 

37.0 

15.9 

4.1 

31.7 

8.1 

1.98 

Dairy B 

42.8 

10.3 

5.7 

32.6 

5.9 

2.20 

Dairy C 

43.8 

9.9 

7.9 

30.2 

5.2 

2.80 


* W. R. Shiffermiller, thesis, Michigan State College. 


Functional Design. Milk plants should be designed with the 
thought in mind of their function as a production unit. The operations 
most commonly found in milk plants are receiving, processing, bottling, 
cold storage, bottle washing, by-products processing, steam-plant opera¬ 
tion, refrigeration-plant operation, laboratory management, truck-fleet 
maintenance, purchasing, production control, sales, and accounting. 
All these functions must be considered in the design of an efficient plant. 
They can best be studied through the consideration of (1) space re¬ 
quirement for the different operations; (2) plant layout; (3) materials 
for floors, walls, and ceilings; (4) illumination; (5) ventilation. See 
Fig. 198 for operation chart and Fig. 199a and b for typical milk-plant 
and ice-cream plant layouts. Figure 199c shows the method of using 
model planning layouts. 

Space Requirements for Milk Plants. Studies by Mitten at Michi¬ 
gan State College indicated the following factors that might be con- 
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sidered in connection with space and size requirements: (1) For an 
ordinary milk plant, the area should be from 1 to 2 square feet, per 
gallon of milk handled per day. For volumes under 20,000 pounds 
daily, as much as 3 square feet per gallon should be used. 


TABLE LXI 


Time in Minutes Involved in Major Cleaning Operations Dairy B 



Assembly 



Wash Milk- 


and 


Wash 

Contact 

Nomenclature 

Disassembly 

Rinse 

Exteriors 

Surfaces 

Weigh tank 

1.408 

9.200 

5.374 

16.276 

3-section cabinet cooler 

2.090 

6.948 

2.645 

11.205 

Two 1,000-gallon square storage tanks 

-- 

6.120 

— 

12.203 

100-gallon round vat 


3.236 

3.261 

7.820 

2,000-gallon upright storage tank 

1.047 

4.545 

— 

5-646 

Five 200-gallon rectangular vats 

— 

15.145 

6.750 

84.715 

200-gallon round buttermilk vat 

0.528 

6.447 

12.291 

8.830 

Clarifier 

19.890 

8.500 

2.731 

14,036 

Separator 

10.681 

8.614 

2.215 

17.576 

6-section cabinet cooler 

1.368 

11.578 

4.562 

17.571 

Bottle filler 

20.383 

8.150 

15.604 

16.567 

Homogenizer 

26.433 

3.987 

— 

11.827 

4 centrifugal pumps 

6.440 

3.464 

1.028 

6.504 

Positive displacement pump 

7.974 

0.891 

0.449 

5.414 

Preheater 

9.936 

2.019 

— 

6.716 

Sterilizing equipment 


— 

— 

18.696 

Sanitary pipe and fittings 

321.098 

5,050 

t 

65.243 

Total 

428.851 

103.904 

56.910 

326.950 


* W. R. Shiffermiller, thesis, Michigan State College, 
t Exteriors washed by soaking. 


Refrigerated milk storage-room size may be based upon approxi¬ 
mately 5% gallons of milk per square foot for round bottles or 7% 
gallons per square foot for square bottles. 

The minimum allowable floor area required for a processing room 
may be determined when the area obstructed by equipment is known 
by applying the formula A = a/0.20; a = area of equipment space. 

The bottle-washing room should be large enough to accommodate 
the bottle washer, case washer, and conveyors, plus an area equal to 
that of the cold-storage room. 

The minimum allowable dry storage space should be 25 per cent 
of the total plant area. 

The minimum unobstructed space around pieces of equipment 
should be 3 feet, except for storage tanks which may be as close to each 
other as 2 feet. 

Processing-room ceiling should be at least 10 feet high. Twelve 
to fifteen feet is recommended. Cold-storage room ceiling should be at 
least 8% feet high. 
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Fig. 198. Plant Operation 


Area Required for Hardening Rooms. The particular area re¬ 
quired for hardening rooms will depend somewhat upon the type of 
ice-cream business. Ackerman suggests that the hardening-room 
capacity should provide for at least 5 days of the maximum production. 
The maximum production is considered as approximately 1 per cent of 
the total yearly production. 

Broughton states that hardening rooms should be designed on a 
basis of 10 gallons of ice cream per square foot of floor area. 

























































































































































































































































































































































































































































































































































































































dairy plant design, layout, utilization 




and Schedule Chart. 


The following table is sometimes given for determination of the 
square footage required for the different types of packaging of iee 
cream: 


100% package and specialty 0 bulk 
75% package and specialty 25%. bulk 
50% package and specialty 50%! bulk 
25% package and specialty 75% bulk 
0% package and specialty 100% bulk 


5 gallons per square foot 

6 gallons per square foot 

7 gallons per square foot 

8 gallons per square foot 
10 gallons per square foot 
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Courtesy of the Cherry Burrell Corp, 

Fig. 199(a). Plan for Dairy Plant—3,500 Gallons of Milk per Day. 

Note: Boiler room, compressors, sweet-water cooler, lockers, plant toilet, and dry- 
storage room located in basement. 

Equipment: 1, 6-can per minute can washer; 2, compact receiving unit; 3, pump; 
4. clarifier; 5, plate raw-milk cooler; 6, balance scale; 7, hot plate; 8, sink; 9, testing 
bottle washer; 10, tempering tank; 11, Babcock tester; 12, acid storage; 13, balance 
scale; 14, primary tempering tank; 15, wash sink; 16, 1,500-gallon storage tank; 
17, pump; 18, cheese vats; 19, butter churn; 20, 2-compartment w f ash sink; 21, w r <frk 
table; 22, 300-gallon spray pasteurizer; 23, sanitary pipe sink; 24, 100-gallon surge 
tanks ; 25, 8,500-pound-per-liour holding tube ; 26, float tank ; 27, 8,500-pound-per-hour 
short-time pasteurizer; 28, timing pump; 29, 150-gallon surge tank; 30, separator; 
31, cream-surface cooler ; 32, pump ; 33, homogenizer ; 34, bottle filler ; 35, bottle hooder; 
36, instrument panel; 37, rotating accumulating table; 38, 8-w T ide bottle washer; 39, case 
washer; 40, future bottle filler; 41, future rotating accumulating table; 42, future 
bottle hooder; 43, future case washer; 44, future bottle washer; 45, future rotary can 
washer. 

.4, Platform; B t receiving room; C, laboratory; /J, drivers’ check-in room; E, sales 
manager; F, cashier; G, general manager; H, storage-tank room; I, by-products room; 
j % floor drain ; K, men’s rest room; L, women’s rest room; M, office; N , cold-storage 
room ; O, pasteurizing room ; P f cloakroom; 0, reception room; R, lobby ; S , plant 
entrance; T, cap storage; V, dairy-bar storage; V, dairy bar; W, dairy-bar entrance; 
A', drivers’ refrigerator; Y, bottle washing and case storage room. 
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Drive 


Curb 



— 87-0" 


Courtesy of the Cherry Burrell Corp. 


Fig. 199(6). Plan for 200,000-Gallon-a-Year Ice-Cream Plant. 

Note: Boiler room, refrigeration equipment* and locker room are located in basement. 
Equipment list: 1, receiving and dumping unit; 7, sanitary wash sink ; 21, homo- 
genizer ; 22* pump; 27. can washer; 30, vat; 31, storage vat; 47, round processor; 
50, freezer; 54, ice-cream can conveyor; 55. ice-cream can pass door; 56, chocolate dip 
tank ; 57, popsicle brine tank ; 58, work table ; 59, cooler. 


ROOM AREAS FOR FIG. 199a 


Room 

Square Feet 

Receiving room 

483 

Laboratory 

180 

Storage-tank room 

645 

By-products room 

026 

Pasteurizing room 

1,155 

Cold-storage room 

995 

Bottle washing and case storage, 
including driver’s refrigerator 

1,960 

Driver's check-in room 

234 
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The figures in the table, p. 435, include allowances for the aisle, coil, 
and conveyor space and make allowance for 33 per cent future expan¬ 
sion because three-high stacking of five-gallon cans can be increased 
to four-high stacking. Space for cold-air blowers and fast hardening 
tunnels must be added to the above storage-space requirement. 



Courtesy of the Cherry Burrell Cory. 


Fig. 199(c). The Use of Model Planning Layouts Is a Great Help in Plant Design. 


Flow Diagram. There are four principal types of milk-plant lay¬ 
outs that are commonly used. These are (1) the straight-line type; 
(2) the L; (3) the T; (4) the U-shaped flow. It cannot be said that 
any one plan is always best, as conditions alter cases. However, it is 
generally considered that it is desirable from a cost and operation 
standpoint to arrange the equipment so that the product is processed 

in a continuous flow. 
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H. L. Mitten, as a result of studies made at Michigan State College, 
declares that a straight-flow pattern permits a more orderly and less 
confusing layout of equipment and utility lines. It permits separate 
receiving and delivery traffic and requires the minimum length of pipe. 
The L-shaped flow is almost as advantageous, but may result in some 
traffic confusion. For small plants, it is frequently noted that the 
U-shaped flow is most efficient. 

A careful study of an operation chart (Fig. 198), together with a 
proposed plant layout and the use of templates to indicate the various 
machines, will enable one to make a very careful and accurate study 
of the plant-layout problems and arrive at a design that will be prob¬ 
ably most efficient. 

Mitten states as follows: “One-floor processing plants are usually 
most economical.” 

In electing the type of plant layout, one should consider the flow 
shape that requires the shortest lines, the fewest workmen, and the 
least confusion. 

Minor operations should be adjacent to rather than an integral part 
of the main milk flow. 

Separate rooms are necessary for (1) pasteurizing, processing, cool¬ 
ing, and filling operations; (2) washing and sanitizing treatment of 
containers; (3) receiving raw milk; (4) toilet facilities; (5) office 
facilities; (6) power-plant facilities; (7) dry storage. 

When possible, dry-storage rooms should be located on the same 
floor with and adjacent to the center of operation. 

Secondary equipment should be centrally located and near process¬ 
ing equipment for convenience and economic operation. Refrigerated 
storage rooms should be grouped, if possible, to reduce the amount of 
insulation needed and to cut refrigeration losses. 

Service or utility lines should be located in such a manner that 
processing rooms will not be cluttered and lines arc accessible for 
repair, inspection, and future expansion. It is suggested that these 
lines be located above the processing-room ceiling or below the floor 
where possible. 

Conveyors. Conveyors are usually great labor savers. Wherever 
a conveyor may be used rather than a man depended upon to carry the 
product or trucks employed (except in small operations), it should be 
considered. It speeds work and saves energy. 

Conveyors should be properly laid out, properly timed, and pro¬ 
vided with convenient shut-off switches. They should be so located 
that they do not block runways. Automatic controls for speed control 
and stopping in the event of a pile-up are desirable. 
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In some plants conveyor sections mounted on wheels, which can be 

rolled into position to extend the fixed conveyors to load trucks, are 
found very helpful. 

In small plants and in certain types of special operations, the pallet 
system, which involves small platforms or movable trucks, has been 
found advantageous and even better than conveyors. If a conveyor 
does not seem to fit into the situation, the pallet should be considered. 

Provision for Future Expansion. The history of most milk plants 

is that they expand and grow rapidly. It is, therefore, desirable when 

building a new plant to purchase a good-sized tract of land and build 

in the center, leaving space on two or three sides to permit future 
expansion. 

Buildings can be so constructed that certain partitions and walls 
can be easily moved, thereby enlarging the processing room, for 

example. The use of hollow-glazed tile for these partition walls has 
been found very good. 

Secondary Equipment. Secondary equipment such as boilers, com¬ 
pressors, evaporators, condensers, and shop equipment should be in a 
separate room from the main part of the dairy plant. Such equip¬ 
ment should be close and convenient and should be assembled in one 
location for easy supervision. Equipment such as brine pumps, chilled- 
water pumps, and hot-water circulating units and controls should be 
located in a separate room or beneath the floor and away from the 
processing department. 

Suggested Design Check List. Check those items which apply to 
your plan. Unchecked items show up design weaknesses. 


Space Requirements 


1. Lot permits enlargement of building. 

2. Plant is built so that expansions can be made easily. 

3. Capital investment is not more than $5 per gallon of milk capacity. 

4. Total plant area is 1 to 2 square feet per gallon of milk handled. 

5. Milk cooler will handle 5V± gallons of milk per square foot of floor space. 

6. Receiving room is large enough to accommodate a can washer, receiving 
tank, dump can, and scales. 

7. Receiving room can be enlarged when necessary. 

8. Processing operations are on one floor level. 

9. Processing is done in one large room. 

10. Processing equipment does not occupy more than 20 to 30 per cent of 
the floor area allotted to production operations. 
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11. Bottle-washing room is large enough to accommodate a bottle washer, 
case washer, and conveyors, plus an area equal to that of the cold 
storage room. 

12. The dry storage space is equal to at least 25 per cent of the total plant- 
floor area. 

13. There is at least 2 to 3 feet of unobstructed space around pieces of 
equipment. 

14. The ceiling is 12 or more feet in height. 

Plant Layout 


15. Plant is located in pleasant surroundings. 

16. There is ample water at plant site, 

17. Lot is well drained. 

18. Waste and sewage disposal facilities are ample. 

19. Plant is near marketing area. 

20. Plant is easily accessible to company and patron vehicles. 

21. Milk flow follows a straight-through or an L-shaped pattern. 

22. Plant has basement. 

23. Plant permits one-floor processing. 

24. Layout requires minimum of workmen. 

25. Sanitary lines are of minimum length. 

26. Utility lines are laid out to give shortest possible length. 

27. By-products and minor operations are adjacent to, rather than an in¬ 
tegral part of, the main milk flow. 

28. Dry storage rooms are on same floor with and near the center of process¬ 
ing operations. 

29. Secondary equipment such as boilers and refrigeration machines are 
centrally located. 


Selection of the Equipment. The equipment which goes into a 
plant is perhaps the most important part of it. The main considera¬ 
tions in selection are, first, to obtain equipment which is well adapted 
to do the job. This can best be ascertained by seeing it operate under 
similar conditions in another plant, or, if this is not possible, its per¬ 
formance should be guaranteed by purchasing from a reliable com¬ 
pany. Second, the equipment should be purchased from a company 
which can furnish parts and service, jf necessary. Third, the price 
must be reasonable but not necessarily the lowest. Fourth, it must 
meet health-department regulations. It is even wise to anticipate 

future health-department requirements in order to prevent obsoles¬ 
cence. 

Many plant operators try to buy two or more small units of a 
machine rather than one large one, so that during slack times of the 
year only the small one need be operated. Also it gives a safety fac- 
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tor in the event of a breakdown. It has also been found worth while 
as for instance in pasteurizing systems, to buy unit-type equipment 

which can be added to, easily to increase its capacity without the 
necessity for purchasing an entire new machine. 

The purchase of new equipment is made easier if a definite plan of 
replacement is iollowed and adequate reserves set up each year to 
cover the depreciation of equipment on hand. It has been found in 
the dairy industry that obsolescence is oftentimes a greater factor of 

cost than actual wearing out of equipment. This should be considered 
when new equipment is purchased. 

Water Supply. The water supply for a dairy plant is very im¬ 
portant. An adequate supply of pure water for washing of equip¬ 
ment and for cooling purposes is essential. Refrigeration machinery 
usually requires about 2 gallons per minute per ton of refrigeration; 
single-stage condensing pans require about 2 to 3 gallons of water per 
pound of water evaporated. In addition, water is needed for washing 
equipment, which may run from 20 to 50 gallons per 1,000 pounds of 
milk handled, and for supplying the boiler. 

The purity of water for washing equipment is of utmost impor¬ 
tance on account of danger of pollution; water from a deep well or 
city water supply is best. 

Water for condensing purposes in vacuum pans should also be of 
high purity. Water for use in refrigerating system and boiler should 
be free from foreign suspended matter which would deposit on tubes 
or heat-transfer surfaces, and it should not contain impurities which 
cause excessive scale; see Chapter VII. 

If the plant is dependent upon its own pump for water supply, or 
if the local supply is not dependable, it is desirable to have an ele¬ 
vated storage tank for emergencies and to act as a ballast tank. This 
tank should be large enough to carry the plant over a period of a day 
in an emergency. 

Water Defects. In most localities the natural water contains im¬ 
purities like solids, chemicals or gases, or may be off in odor, taste, or 
color. If conditions are severe, it is recommended that a water-treat¬ 
ment expert be employed to analyze the situation and recommend 
proper treatment. 

The most common defects of water are: (1) dissolved solids; (2) ex¬ 
cessive hardness; (3) suspended matter. 

Suspended matter can usually be handled by proper filtration or by 
settling. Excessive hardness must be removed by proper treatment 
with a water softener or chemicals. 
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The U. S. Geological Survey classifies water as follows, on a basis 
of hardness: 

Soft, 0 to 6 p.p.m. 

Moderately hard, 6 to 12 p.p.m. 

Hard, 20 to 180 p.p.m. 

Very hard, over 180 p.p.m. 

The hardness of water is generally expressed in terms of equivalent 
calcium carbonates measured either as grains per gallon or as parts per 
million. One grain per gallon is equal to 17.1 parts per million. 

The hardness of water is measured by the so-called sudsing power 
of the water with a soap solution which has been standardized against 
a calcium salt solution of known strength. 

Testing for the Hardness of Water. Water-hardness testers may 
be obtained from laboratory and chemical supply houses. The actual 
equipment is very inexpensive, and simple to use. 

The following apparatus and method is used for determination of 
water hardness. 

1. Porcelain or enamel cup for collecting sample of water from 
the boiler. 

2. Glass cylinder marked at 58.3 ml. 

3. Burette. 

4. Glass stirring rod. 

5. Glass bottle, 8-ounce, with glass stopper. 

6. White casserole or titration cup. 

7. Hydrometer with cylinder and thermometer especially made 
for measuring boiler-water concentration. 

METHODS. Using a standard soap solution with known lather 
factor, which is indicated on the bottle, and distilled water: 


1. Measure 58.3 ml. of the cooled, unfiltered boiler water into 
the graduate and transfer into the 8-ounce bottle. 

2. Fill the burette with the standard soap solution to the zero 
point. Add standard soap solution in small amounts from the 
burette, shaking the sample vigorously after each addition until a 
strong permanent lather is formed which will persist for at least 
5 minutes with the bottle on its side. The presence of this per¬ 
sisting lather indicates the end point. 
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3. Using a 58.3-ml. sample of water, the total milliliters of soap 
solution used less the milliliters of the lather factor is numerically 
the so-called hardness in grains per gallon of calcium carbonate. 


For general boiler use and washing purposes, the hardness of the 
water should be less than 2 g.p.g. 

Difficulties Due to Use of Hard Water. Hard water causes heavy 
scale deposits on the heating tubes of boilers, can washers, and the 
like. Under certain conditions it may also cause corrosion, although a 
small amount of hardness may be of some assistance in preventing 
corrosion. In other words, water softened to the neutral point by 
means of a base-exchange type of softener, for example, may leave the 
tubes of the heating system or of a can washer so clean that more 
corrosion is encountered than if the water were left slightly hard. 

The use of soft water is of great assistance in general washing of 
equipment, and saves a great deal of money in the bottle- or can¬ 
washing operations. Not only does it actually save on wash powder, 
but also it reduces maintenance that might otherwise be necessary. 

The Base-Exchange or Zeolite Treatment. Many plants make use 

of this type of water softener, as they have found it to be very effective 
and relatively inexpensive. 

ith this system water may be softened to a residual hardness of 
practically zero or less than 0.5 g.p.g., even with extremely hard water. 
The process not only softens the water but also acts somewhat as a 
filter for sediment. 

With water of zero hardness, a slight corrosive action is sometimes 
encountered, and this should be overcome by the so-called threshold 
treatment with sodium hexametaphosphate. Some authorities recom¬ 
mend the use of all copper or red brass tubing instead of steel for water 
lines carrying water of zero hardness. 

Hot-Water Requirements. In setting up a hot-water heating system 
for a dairy plant it is important to know both the total quantity of 
water required per day, and the maximum amount which will be used 
in any given hour, as well as the duration of the peak load. 

It is important that ample storage capacity for hot water be pro¬ 
vided, since in most dairy plants the hot-water utilization reaches very 
high peaks for short periods, and excessively large or expensive hot- 
water heating systems would be required if it were not possible to store 
a reasonable amount of water. 

It is usually considered that approximately 5 gallons of 140° F. 
water per day per plant employee is satisfactory, and 2 gallons per day 
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for office employees. The figures of 12 gallons per hour for a wash 
basin and 225 gallons per hour for a shower are also used. 

Each hot-water hose or outlet should be figured at about 300 gallons 
per hour. 

Hot Water for Cleaning. It is generally recommended that water 
for washing dairy utensils should he at a temperature of 120° F. or 
higher at the hot-water tank in order to allow for some cooling in the 
line and for heating the equipment. 

Some plants use a hot-water and steam mixing valve at hose 
stations. This is a very wasteful process. It is strongly recommended 
that, in plants of some size, use be made of a hot-water circulating 
system consisting of a regular hot-water heater tank with thermostat 
control set for about 180° F. 

Tempering valves located near the hose stations may be used to 
adjust the final temperature in the line to about 120° F. 

In some of the newer plants, use is made of a so-called cabinet type 
hose station in which the pressure regulator, pressure gauge, and 
strainer are located, with a glass window through which the pressure 
on the gauge may be seen. 

Hot-Water Washing Line. The use of lightweight neoprene-coated 
hose equipped with a shut-off valve and about a 2-foot whip end is 
becoming popular. This arrangement allows much better control of 
wash water and results in great saving during the year, not only in 
water but also in labor. The special hose is about one-third the weight 
of ordinary creamery hose. 

Water Piping. The piping layout in the plant should be of suf¬ 
ficient size to carry the required amount of water to all equipment, 
without loss of pressure sufficient to cause trouble with the equip¬ 
ment. It is usually wise to install oversize pipe mains and fit them 
with tees at regular intervals so that additional connections can easily 
be made later if needed. Convenient placing of outlets will save 
much time in cleaning up. Piping should be placed in conduit or 
m the open and not buried in a concrete wall, as it is always neces¬ 
sary, sooner or later, to repair or replace it. 

Utilization of Water. Efficient use of water in a dairy plant can 
save much money, and inefficiency can be very expensive. Careless 
operators who allow w'ater to run out of a hose when it is not being 
used are a great source of waste, as are also leaky valves and plugged 

condensers. Careful monthly check-up of water costs will show where 

* 

savings can be made. Maintenance of adequate pressure is essential 
for good results on all water systems; inadequate pressure is often 
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the reason for poor cooling of pasteurizers, condensers and similar 
equipment. 

Cost of Water. The cost of water depends largely upon local 
conditions. A fair average figure is 1.2 cent per 1,000 pounds. The 

cost of power for pumping water with a private pump can be calcu¬ 
lated by the formula given in Chapter V. 

Disposal of Dairy-Plant Wastes. Disposal of wastes from dairy 
plants is a serious problem in many communities. If the wastes are 
fed in large quantities into the average city sewage-disposal plant, 
the acidity from the milk sugar interferes with the chemical reactions; 
if fed into streams, the wastes cause offensive odors and may kill the 
fish. Numerous types of treatment have been devised, but none have 
been ideal. It is suggested, therefore, that the plant operator make 
every effort to keep the amount of waste to the very minimum and, 
if possible, utilize the product; for example, whey or skim milk can 

be sold as animal feed either plain or condensed, or can be dried to 
a powder. Careful operation of the plant will prevent excessive 
losses of milk products down the sewer. 

The biological disposal of creamery wastes involves means for 
destroying milk sugar without the development of high acidities and 
of disposing of the evil-smelling butyric acid from milk fat. 

It is estimated that between 158 and 116 million pounds of skim 
milk are produced yearly in the United States, but the seasonal char¬ 
acter of the industry concentrates on the waste-disposal problem in the 
summer months. 

An investigation of milk losses indicates that even with careful 
handling from 1.3 to 1 per cent of the whole milk is lost down the sewer. 

Many of the individual dairy plants are located along streams, and 
the sewer pipes from the plant merely empty into the stream. This 
method is .satisfactory under conditions in which the flow of the stream 
is sufficient to properly dilute the sewage. However, in most instances, 
the volume of water in the stream is too small, and the bacteriological 
action on the organic material of the sewage will deplete the oxygen 
supply of the stream. Two important effects take place: (1) A de¬ 
composition in the absence of air. This results in the formation of 
methane, ammonia, and other gases. (2) After the oxygen supply has 
been depleted in the water, animal and plant life that depend on the 
oxygen supply of the stream are suffocated. Unless the streams pro¬ 
vide adequate dilution the oxygen resources of the streams are quickly 
exhausted. For this reason state water-control agencies are very much 
concerned regarding the discharges from milk plants. 
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There have been instances in which a municipal disposal plant has 
found it necessary to discontinue treating waste from the milk plant on 
account of the tremendous load put on additionally by treatment of 

milk. 

H. A. Trebler of Seal-Test Research Laboratory states “it cannot 
be repeated too often that the all-important factor in the disposal of 
dairy waste is the elimination of waste in the plants themselves.” 

It is the responsibility of management to determine where losses 
occur and take steps to modify or replace unsatisfactory equipment. 
Good waste prevention carried out by every party in a plant will ordi¬ 
narily reduce the strength and quantity of the waste to a very marked 
degree. 

Buttermilk and skim milk should not be considered as waste prod¬ 
ucts because of their intrinsic value as food products and also because 
of the excessive cost of treating quantities of these materials in a 
waste-disposal plant. 

Methods of Treatment. The treatment for milk-plant waste may 
vary from simple aeration and equalization of flow to a somewhat com¬ 
plex and complete treatment by biological oxidation. 

Equalization of flow consists of having a tank large enough to hold 
about 50 per cent of the day’s total discharge to the stream or sewer. 
The waste collected in this tank is aerated and discharged to the stream 
in a steady flow so that stream or sewers need not be burdened with a 
great overload and then receive nothing for several hours. In many 
instances this is all the treatment that is needed. There are a number 
oi other methods which can be employed, as follow’s: 

One method of treatment is known as the activated-sludge process. 
This type of treatment plant normally consists of a holding tank, one 
or more aeration tanks, and a final sedimentation tank. Aeration is by 
diffused air from blowers or by mechanical agitation. In the activated- 
sludge process an accumulation of aerobic organism w r ith entrained 
organic matter develops in the aeration tank and settles out in the final 
sedimentation tank. Some of the activated material is returned to 
the inlet of the aerators and is mixed with the incoming sewage. 

The activated-sludge process is quite w'idely used. However, the 

cost of the treatment plant and the need for a qualified supervisor are 
limitations. 

Several methods involving the chemical precipitation of the milk 
solids have been developed. Among these are the Gugenheim process 
and the Mallory process. These methods, however, require that the 
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operator have a fair understanding of chemistry; also it is of note that 
the cost is high. 

The most common type of treatment in plants is that of the trickling 
filter. 


A trickling filter is a bed of crushed stone, gravel, or cinders of 
relatively large size to which sewage is applied on the surface by 
sprinkling or otherwise. 

The conventional bed is at least 5 feet deep. The sewage trickles 
in a thin film over the surfaces of the filtering medium, which have 
become coated with a so-called zoogloeal film. Some of the solids are 
held by the films and some material is absorbed by it. Air is present 
in the filter, and a large population of aerobic bacteria will inhabit the 
film, work upon the suspended solids, and dissolve organic solids to 
bring about a reduction of oxygen demand. 

Theoretically, irregularity of filtering-media surface is desirable in 
order to provide more surface area on which the film can collect and 
thereby increase bacterial action. It has been noted, however; that for 
maximum efficiency the film should slough off regularly; that is, the 
filter is able to unload. From this it is apparent that the filtering media 
must not be too rough or the filter will clog up and become useless, 

Of late more emphasis has been placed on the recirculating filter. 
This might be described as an ordinary trickling filter preceded by a 
tank that serves to equalize the flow and also to receive some filtered 
material. The recirculation is extended to a point where a continuous 
dosage results. Such a unit is called a high-rate recirculating trickling 


filter. 

The recirculating filter is a simple, efficient, economical, and com¬ 
paratively flexible unit for the treatment of many organic industrial 
wastes. It is simple to operate, the control largely involves the mechan¬ 
ical care of the equipment and the removal of solids from the as¬ 
sembling tank. It is efficient if properly designed and operated, and 
not overloaded for any appreciable length of time. It has a certain 
amount of flexibility, and its capacity may be increased somewhat by 
an increased recirculation. It is a very dependable unit and not subject 


to complete breakdown of process if occasionally subject to overloads. 
It is also quick to recover its efficiency after the overloaded conditions 
have been eliminated. The cost of this type of filter is estimated to be 


about one-third that of the standard trickling filter. 

There is a dearth of exact information relative to the details of 
design of filters for dairy products. E. F. Eldridge states that the size 
and type of stones are one of the most important items which influence 


the operation of trickling filters. 
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Trebler states that dairy wastes require a coarse filter material. 
Some of the various materials used in the filters are stones, coke, 
cinders, and gravel. Fred Clay, as a result of numerous tests carried 
on at Michigan State College with a small research-type filter, con¬ 
cluded that the filtering materials rank in the following order: cinders, 
coke, and stones. He further concluded that the surface area is the 


most important factor to consider in selecting a filtering material. 
Some irregularity is definitely desirable to insure a more regular slough¬ 
ing action. He further concluded that a trickling filter is currently the 
most satisfactory to use in general disposition of dairy-plant waste. He 
also stated that the problem of disposing of the waste from many plants 
can be entirely eliminated by care in stopping leaks in milk lines and 
preventing milk from getting into the drains in excessive quantities. 

Calculation of Size of Treatment Plant. A great many factors are 
involved in the actual calculation of the size of a treatment plant, and 
an evaluation of these factors should be made by an experienced 
engineer. Among the considerations are: 


1. An accurate account must be made of the amount of milk lost 
down the drain or sewer. This can best be done by following a 
continuous sampling device in the drains from the plant. Using 
this device, the waste from plants should be sampled for a period 
of 1 day or longer. 

2. If it is felt that some means of treatment will be required, 
an experienced engineer may be able to reduce the cost of the treat¬ 
ment plants by by-passing some of the condensing and wash water, 
to reduce the volume of waste handled; or he may be able to reduce 
the rate of discharge to the stream by means of a storage tank, or 
by reducing plant losses of milk. 

3. If it is desired to empty the sewage into a nearby stream, a 
stream-pollution survey would have to be made. This would re¬ 
quire a determination of the rate of flow and amount of dissolved 
oxygen present in the stream. Permission would also have to be 
obtained from the proper authority to dispose of the sewage in any 
particular stream. 

Biological Oxygen Demand (BOD), Industrial wastes contain 
organic matter not in its most stable condition. This organic matter 
consists of complex chemical compounds which require oxidation in 
order to be reduced to their most stable form. The term BOD is, 
therefore, a numerical value which indicates how much oxygen is re¬ 
quired to stabilize the waste. The complete stabilization requires more 
than 100 days at 20° C., but such long periods of incubation are im- 
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practical. Therefore, a much shorter period of incubation is used. 
Incubation for 1, 2, 5, 10, or 20 days at 20° C. is customary, and the 
5-day BOD is a standard used by most workers in this field. 

The procedure for obtaining the numerical value for a BOD consists 
of diluting the sewage samples in properly prepared dilution water. 
The dilution water is made by taking a good grade of distilled water 
which has no oxygen content and which is not germicidal, and dissolv¬ 
ing certain recommended chemicals in it. The dilution water is in¬ 
cubated and the temperature maintained at 20° C. for 5 days. At the 

end of the 5-day period, the sample is removed and the amount of 
dissolved oxygen in the sample is determined. By running a blank 
bottle, or a bottle with no sewage added to it, at the same time, the 
difference in the amount of dissolved oxygen in the two samples can 
be determined, and this determination will give the amount of oxygen 
required by the sewage. 


QUESTIONS 

1. Discuss the problem of location of a dairy building. 

2. Discuss the size of dairy buildings. 

3. Discuss materials for walls, floors, and ceilings of dairy buildings. 

4. What slope should be given to the floors of manufacturing rooms where 
drainage is a problem? 

5. Discuss the advantages of the departmentalized building as compared to 
the single-room type for small buildings. 

6. Discuss ventilation of dairy buildings. 

7. Give your ideas of selection of dairy equipment. 

8. Make first-floor layout and front elevation drawing of your ideal of a 
dairy plant-. Point out the advantages of the design you have selected. 

9. How would you fasten the bolts in a cement floor when bolting down 
dairy machinery? 

10. What is an expansion bolt? Where used? 

11. What are the problems of dairy-waste disposal? 

12. What is meant by effluent? 

13. Describe the principle of the trickling filter. 

14. What is meant by the expression B.OD.? 

15. What size of trickling filter would be needed for handling the waste from 
4,000 pounds of butter per day? 

16. What is meant by the “dosing cycle’*? 

17. What is an average cost of water per 1,000 gallons? 
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TABLE LXII 

Decimal Equivalents of Fractions of an Inch 


8ths 9/32 

1/8 =0.125 11 / 32 

1/4 = .250 13 / 32 

3/8 = .375 15 / 32 

1/2 = .500 17 / 32 

5/8 = .625 19 / 32 

3/4 = .750 21 / 32 

7/8 = .875 23 / 32 

25/32 

16ths 27/32 

1/16 = 0.0625 29/32 

3/16 = .1875 31/32 

5/16 = .3125 

7/16 = .4375 

9/16 = .5625 

11/16 = .6875 1/64 

13/16 = .8125 3/64 

15/16 = .9375 5/64 

7/64 

32nds 9/64 

1/32 = 0.03125 11/64 

3/32 = .09375 13/64 

5/32 = .15625 15/64 

7/32 = .21875 17/64 



0.28125 

19/64 

— 

0.296875 

— 

.34375 

21/64 

— 

.328125 

— 

.40625 

23/64 

= 

.359375 

— 

.46875 

25/64 

— 

.390625 

— 

.53125 

27/64 

— 

.421875 

= 

.59375 

29/64 


.453125 

— 

.65625 

31/64 

— 

.484375 


.71875 

33/64 

— 

.515625 

— 

.78125 

35/64 

= 

.546875 

= 

.84375 

37/64 

1- 

.578125 


.90625 

39/64 

= 

.609375 

— 

.96875 

41/64 

= 

.640625 



43/64 

— 

.671875 


45/64 

= 

.703125 



47/64 


.734375 

— 

0.015625 

49/64 


.765625 

— 

.046875 

51/64 

= 

.796875 


.078125 

53/64 

— 

.828125 


.109375 

55/64 

= 

.859375 

= 

.140625 

57/64 

= 

.890625 


.171875 

59/64 

— 

,921875 

—- 

.203125 

61/64 

— 

.953125 

— 

.234375 

63/64 

— 

.984375 

— 

.265625 
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Sq. Mm. 


1. 

100 . 

1 , 000 , 000 . 

645.16 

92,903.6 


Sq. Foot 


TABLE LXIII 


Surface Equivalents 


Sq. Cm. 


0.01 

1 . 

10 , 000 . 

6.4516 
929.036 
8,361.27 


* * # * « 


■ * 


Sq. Yd. 


Sq. Meter 

Sq. In. 

0.000001 

0.00155 

0.0001 

0.15500 

1. 

1,550.00 

0.000645 

1. 

0.09290 

144. 

0.83613 

1,296. 

8,881. 

* » 1 ♦ i ♦ 4 1 , „ 

4,046.869 


Sq. Mile 

Acre 


0.0000108 . 

0.00108 0.000119 

^ ' ’ * * * * 1 * < i t • i , | 

10.7638 1.1960 

0.00694 0.00077 

*.* * i <****• t i 

1- 0.11111 . 

9 ‘ !• . 0.000206 

. 3,097,600. 1, 640, 

43,560 . 4,840 . 0.00156 1. 


TABLE LXIV 
Gravimetric Equivalents 


Gram 

Kilogram 

Ounces 

Pounds 

Tons 

i. 

0.001 

0.03527 

.0022046 

.0000011 

1,000. 

1. 

35.2736 

2.2046 

.0011023 

28.350 

0.02835 

1. 

.0625 

.00003125 

453.60 

0.45360 

16. 

1. 

.0005 

907,180. 

907.18 
1,000. 

32,000. 

2,000. 

1. 

1.1023 = . 9842 gross ton 



* ■ P P * • ( 


1 grain troy or avoirdupois = 
1 ounce troy = 

1 pound troy — 

1 gram = 

1 gram = 

1 kilogram = 


0.0648 gram 
31 * 1035 grams 
0.3732 kilogram 

15.432 grains troy or avoirdupois 
0.03215 ounce troy 
2.679 pounds troy 
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TABLE LXV 

Mensuration of Surfaces and Volumes 

Area of rectangle = Length X Breadth. 

Area of triangle = Base X \ perpendicular height. 

Diameter of circle — Radius X 2. 

Circumference of circle = Diameter X 3.1416. 

Area of circle = Square of diameter X 0.7854. 

Area of circle X Number of degrees in arc 
Area of sector of circle =- 

Area of surface of cylinder = Circumference X Length + Area of two ends. 

To find the diameter of circle having given area: Divide the area by 0.7854, and 

extract the square root. 

To find the volume of a cylinder: Multiply the area of the section in square inches 
by the length in inches to find the volume in cubic inches. Cubic inches divided by 

1,728 = Volume in cubic feet. 

Surface of a sphere = Square of diameter X 3.1416. 

Volume of a sphere = Cube of diameter X 0.5236. 

The area of the base of a pyramid or cone, whether round, square, or triangular, 
multiplied by one-third of its height is the volume. 

Radius X 6.2832 = Circumference of a circle. 

Length of arc = Number of degrees X 0.017453 radius. 

Degrees in arc whose length equals radius = 57 0 2958'. 

Length of an arc of 1° = Radius X 0.017543. 

Length of an arc of 1' = Radius X 0.0002909. 


Lineal feet 

X 

0.00019 

= miles. 

Lineal yards 

X 

0.0006 

= miles. 

Square inches 

X 

0.007 

— square feet. 

Square feet 

X 

0.111 

— square yards. 

Cubic inches 

X 

0.00058 

= cubic feet. 

Cubic feet 

X 

0.03704 

= cubic yards. 

Circular inches 

X 

0.00546 

— square feet. 

Feet 

X 

1.5 

= links. 

Cubic feet 

X 

7.48 

= U. S. gallons. 

Cubic inches 

X 

0.004329 

= U. S. gallons. 

U. S. gallons 

X 

0.13367 

= cubic feet. 

U. S. gallons 

X 231. 

= cubic inches. 

Cubic feet 

X 

0.8036 

= U. S. bushel. 


TABLE LXVI 
Common Equivalents 

1 square mile equals 2.59 square kilometers, 

1 cubic foot equals 0.0283 cubic meter. 

1 cubic foot equals 7.48 gallons; equals 0.804 bushel. 
1 cubic foot of water weighs 62.5 pounds. 

1 cubic yard equals 0.7646 cubic meter. 

1 gallon equals 3.7854 liters. 
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TABLE LXVI -Continued 


1 gallon equals 8235 pounds of water, 

1 imperial gallon equals 120 U.S. gallons, 

1 gallon equals 231 cubic inches (liquid measure). 

1 pound equals 0.4536 kilogram, 

1 avoirdupois pound equals 7,000 grains. 

1 troy pound equals 5,760 grams. 

1 meter equals 3927 inches. 

1 meter equals 3280833 feet. 

1 meter equals 1.093611 yards, 

1 kilometer equals 3,281 feet. 

1 square meter equals 10.764 square feet^ equals 1,196 square yards, 

1 cubic meter equals 35214 cubic feet j equals 1208 cubic yards. 

1 liter equals 1.0567 quarts. 

1 gram equals 15,43 grains. 

1 kilogram equals 22046 pounds. 

1 foot per second equals 1.097 kilometers per hour. 

1 foot per second equals 0.68 mile per hour. 

Acceleration of gravity equals 32.16 feet per second every second, 

1 horsepower equals 550 foot-pounds per second. 

1 horsepower equals 76 kilogram-meters per second. 

1 horsepower equals 746 watts. 

1 horsepower equals 1 second-foot falling 8.80 feet. 

1 atmosphere equals 14.7 pounds per square inch at sea level. 

1 atmosphere equals 33.947 feet of water at 62° F, 

1 atmosphere equals 30 inches of mercury at 62° F. 

1 atmosphere equals 29.92 inches of mercury at 32° F. 

1 atmosphere equals 760 millimeters of mercury at 32° F. 

1 atmosphere equals 1.033 kilograms per square centimeter. 

1 pound per square inch equals 2.0416 inches of mercury at 62° F. 

1 pound per square inch equals 2.0355 inches of mercury at 32° F, 

1 pound per square inch equals 27.71 inches of water at 62° F. 

1 pound per square inch equals 2209 feet of water at 62° F. 

1 pound per square inch equals 0.0703 kilogram per square centimeter. 
1 foot of water at 62° F. equals 0.433 pound per square inch. 

1 inch of mercury at 62° F. equals 0.491 pound per square inch. 

1 inch of mercury at 62° F. equals 1.132 feet of water at 62° F. 


Cubic feet of water 
Cubic inches of water 
12 U. S. gallons of water 
240 U. S. gallons of water 
1.8 cubic feet of water 
35.88 cubic feet of water 
U. S. bushel 
U. S. bushel 
U. S. bushel 


x 62.5 = pounds avoirdupois, 

x 0.03617 = pounds avoirdupois, 

= 1 hundredweight. 

= 1 ton. 


= 1 hundredweight. 
= 1 ton. 

x 0.0495 = cubic yards, 
x 12446 = cubic feet, 
x 2150.42 = cubic inches. 
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1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


table lxvii 

Cubic Foot Equivalents 

cubic foot = 1,728 cubic inches, 
cubic foot = 0.037037 cubic yard, 
cubic foot — 0.803564 U. S. bushel, 
cubic foot - 3.21426 U. S. pecks. 

cubic foot = 7.48052 U. S. liquid gallons of 231 cubic inches. 

cubic foot = 6,42851 U. S. dry gallons of 268.8025 cubic inches. 

cubic foot = 29.92208 U. S. liquid quarts. 

cubic foot = 25.71405 U. S. dry quarts. 

cubic foot = 59.84416 U. S. liquid pints, 

cubic foot = 51.42809 U. S. dry pints. 

cubic foot = 239.37662 U. S. gills. 

cubic foot = 0.26667 flour barrel. 

cubic foot = 0.23748 U. S. liquid barrel of 31H gallons. 


table lxyiii 


Coefficients of Linear Expansion at Temperatures between 32° and 212° F. 


Material 

For 1 0 C. 

For 1° F. 

Material 

For 1° C. 

For 1 0 F, 

Aluminum-cast 

0.0000222 

0.0000123 

Steel, untempered 

0.0000108 

0.0000060 

Aluminum-rolled 

0.0000207 

0.0000115 

tempered 

0.0000126 

0.0000070 

Antimony 

: 0.0000110 

0.0000061 

Tin 

0.0000207 

0.0000115 

Bismuth 

1 0.0000139 

0.0000077 

Zinc 

0.0000288 

0.0000160 

Brass 

0.0000189 

0.0000105 

Brick, best stock 

0.0000055 

0.0000031 

Copper 

0.0000171 

0.0000095, 

Fire brick 

0.0000049 

0.0000027 

Gold 

0.0000153 

0.0000085’ 

Building stones 



Iron, cast 

0.0000108 

0.0000060 

from 

0.0000072 

0.0000040 

wrought 

0.0000117 

0.0000065 

to 

0.0000144 

0.0000080 

Lead 

0.0000284 

0.0000158 

1 Glass 

0.0000088 

0.0000049 

Nickel 

0.0000126 

0.0000070 

Porcelain 

0.0000036 

0.0000020 

Platinum 

0.0000087 

0.0000048 

Slate 

0.0000104 

0.0000058 

Silver 

, 0.0000198 

0.0000110 


























458 


APPENDIX 


TABLE LXIX 



h 


Solid 

°C. 

°F, 

Aluminum 

656 

1,214 

Antimony 

630 

1,166 

Bismuth 

26$ 

514 

Brass 

1,030 

1,886 

Bronze 

920 

1,688 

Cadmium 

320 

608 

Chromium 

1.487 

2,709 

Copper 

1,084 

1,983 

Gold 

1,064 , 

1,947 

Iron, cast, gray 

1,220 to 1,530 i 

2.228 to 2,786 

cast, white 

1,050 to 1,135 

1,922 to 2,075 


Solid 

°C. 

°F. 

Iron, wrought 

1,500 to 1,600 

2,732 to 2,912 

Lead 

327 

620 

Magnesium 

750 

1,382 

Manganese 

1,207 

2,205 

Mercury 

-39.7 

-39.5 

Nickel 

1,435 

2,615 

Silver 

953 

1,747 

Steel, mild 

1,475 

2,687 

hard 

1,430 ; 

2,588 

Tin 

232 

449 

Zino 

1 

419 

786 


TABLE LXX 

Density of Gases and Vapohs 


Compared with air at same temperature and pressure; also weight of a cubic 
foot at 62° F. under atmospheric pressure of 14.7 lb. abs. or 29.92 in. mercury. 



Density, air at same 
temperature and 
pressure being 1.0 
(Regnault) 

Specific Gravity 
or Density, water 
at 62° being L0 

Weight of 1 
Cu. Ft., 
pounds 

Cubic Feet 
at 62° in 

1 Lb. 

Air (atmospheric) 

1.00000 

0.001221 

0.07610 

13.14 

Hydrogen gas 

0.06926 

0.0000846 

0.00527 

189.70 

Nitrogen gas 

0.97137 

0.001185 

0.07383 

13.54 

Carbonic acid gas 

1.52901 

0.001870 

0.11636 

8.59 

Carbonic oxide gas 

0.9674 

0.00118 

0.07364 

13.60 

Water vapor 

0.6235 

0.0007613 

0.04745 

21.07 

Alcohol vapor 

1.589 

0.00194 

0.12092 

8.27 

Mercury vapor 

6.976 

0.00850 

0.52987 

1.88 
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TABLE LXXI 

Weight and Specific Gravity of Metals 




Specific Gravity, 
Approximate 
Mean Value 

Weight 
per Cubic 
Foot, pounds 

Weight 
per Cubic 
Inch, pounds 

Aluminum 

2.67 

166.5 

0.0963 

Antimony 

Brass, copper and zinc 

6.76 

421.6 

0.2439 

80 20 

8.60 

536.3 

0.3103 

70 30 

8.40 

523.8 

0.3031 

60 40 

8.36 

521.3 

0.3017 

50 50 

8.20 

511.4 

0.2959 

■pi / copper 95 to 80 

Br ° nze \ tin 5 to 20 

8.853 

522.0 

0.3195 

Cadmium 

8.65 

539.0 

0.3121 

Gold, pure 

19.258 

1,200.9 

0.6949 

Copper 


8.853 

552.0 

0.3195 

Iron, cast 

7.218 

450.0 

0.2604 

wrought 

7.70 

480.0 

0.2779 

Lead 


11.38 

709.7 

0.4106 

Magnesium 

1.75 

109.0 

0.0641 


32° 

13.62 

849.3 

0.4915 

Mercury j 

60° 

13.58 

846.8 

0.4900 


212° 

13.38 

' 834.4 

0.4S28 

Nickel 


8.8 

548.7 

0.3175 

Platinum 


21.5 

1,347.0 

0.7758 

Silver 


10.505 

655.1 

0.3791 

Steel 


7.854 

489.6 

0.2834 

Tin 


7.350 

458.3 

0.2652 

Zinc 


7.00 

436.5 

0.2526 
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TABLE LXXII 


Weights, in Pounds, of Various Materials 


Lumber, pine, poplar, hemlock 
oak, walnut, cherry, ash 
Nails 

Plastering lath 
Sand, gravel, etc. 


Salt 

Stone, dressed 


foot B.M., 4 pounds 
foot B.M., 5 pounds 
keg, 106 pounds 
per 1,000, 600 pounds 
per cubic foot, 150 pounds 
per 1,000, short 900 pounds, long, 1,400 pounds 

bushel, 70 pounds 
per cubic foot, 180 pounds 


Weight of 1 Cubic Foot of Pure Water 


At 32° F. (freezing point) 

At 39.1 0 F. (maximum density) 

At 62° F. (standard temperature) 

At 212° F. (boiling point, under 1 atmosphere) 

American gallon equals 231 cubic inches of water at 62° F. equals 
British gallon equals 277.274 cubic inches of water at 62° F. equals 


62.418 pounds 
62,425 pounds 
62.355 pounds 
59.76 pounds 
8.3356 pounds 
10 pounds 


TABLE LXXIII 

Proportions of Various Metal Alloys in Common Use 


Babbitt metal 
Fine yellow brass 
Gun metal, valves, etc. 
White brass 
German silver 
Bronze bearing metal 
White metal 


(In 100 Parts) 

tin 89, copper 3.7, antimony 7.3 

copper 66, zinc 34 
copper 90, tin 10 
copper 10, zinc 80, tin 10 
copper 33.3, zinc 33.4, nickel 33.3 

copper 80, tin 10, lead 10 
copper 55, nickel 15, tin 3, lead 15, zinc 12 


appendix 

table lxxiv 



Comparison of Thermometer Readings 


Cent. 

Fahr. 

Cent. 

Fahr, 

Cent* 

Fahr. 

-40 

-40.0 

21 

69.8 

62 

143.6 

-38 

-36.4 

22 

71.6 

63 

145.4 

-36 

-32.8 

23 

73.4 1 

64 

147.2 

-34 

-29.2 

24 

75.2 

65 

149.0 

-32 

—25.6 

25 

77.0 

66 

150,8 

-30 

-22.0 

26 

78.8 

67 

152.6 

-28 

-18.4 

27 

80.6 

68 

154.4 

-26 

-14.8 

28 

82.4 

69 

156.2 

-24 

-11.2 

29 

84.2 

70 

158.0 

-22 

- 7.6 

30 

86.0 

71 

159.8 

-20 

- 4.0 

31 

87.8 

72 

161.6 

-18 

- 0.4 

32 

89.6 

73 

163.4 

— 16 

+ 3.2 

33 

91.4 

74 

165.2 

-14 

6.8 

34 

93.2 

75 

167.0 

-12 

10.4 

35 

95.0 

76 

168.8 

-10 

14.0 

36 

96.8 

77 

170.6 

- 8 

17.6 

37 

98.6 

78 

172.4 

- 6 

21.2 

38 

100.4 

79 

174.2 

- 4 

24.8 

39 

102.2 

80 

176.0 

- 2 

28.4 

40 

104.0 

81 

177.8 

0 

32.0 

41 

105.8 

82 

179.6 

•h 1 

33.8 

42 

107.6 

83 

181.4 

2 

35.6 

43 

109.4 

84 

183.2 

3 

37.4 

44 

111.2 

85 

185.0 

4 

39.2 

45 

113.0 

86 

186.8 

5 

41.0 

46 

114.8 

87 

188.6 

6 

42.8 

47 

116.6 

88 

190.4 

7 

44.6 

48 

118.4 

89 

192.2 

8 

46.4 

49 

120.2 

90 

194.0 

9 

48.2 

50 

122.0 

91 

195.8 

10 

50.0 

51 

123.8 

92 

197.6 

11 

51.8 

' 52 

125.6 

93 

199.4 

12 

53.6 

53 

127.4 

94 

201.2 

13 

55.5 

I 54 

129.2 

95 

203.0 

14 

57.2 

55 

131.0 

90 

204.8 

15 

59.0 

56 

132.8 

97 

206.6 

16 

60.8 

57 

134.6 

98 

208.4 

17 

62.6 

58 

136.4 

99 

210.2 

18 

64,4 

, 59 

138.2 

100 

212.0 

19 

66.2 

60 

140.0 



20 

68.0 

61 

141.8 
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TABLE LXXV 

Comparison of Various Hydrometer Scales * 


Sp. gr. = 145.04 

Degrees Twaddel 60° F. 
T° = 220 (Sp. gr. - 1) 

Degrees Brix, Official 
Prussian Hydrometer, 
15.6° C. 

Sp cr -_400 

145.05—Baum 6 
@ 15.5° C. 

bp ‘ g 400—Bx.° 

1.000 

0.0 

0.0 

1.007 

1.4 

2.8 

1.014 

2.8 

5.5 

1.021 

4.2 

8.2 

1.028 

5.6 

10.9 

1.036 

7.2 

13.9 

1.043 

8,6 

16.5 

1.051 

10.2 

1 19.4 

1.058 

11.6 

21.9 

1.066 

13.2 

24.8 

1.074 

14.8 

27.5 

1.082 

16.4 

30.3 

1.090 

I 18.0 

33.0 

1.098 

19.6 

36.0 

1.107 

21.4 

39.0 

1.115 

23.0 

41.3 

1.124 

24.8 

44.2 

1.133 

26.6 

46,5 

1.142 

28.4 

| 49.7 

1.151 

30.2 

52.5 

1.160 

32.0 

55.2 

1.179 

35.8 

60.7 

1.198 

39.6 

1 66.1 

1.218 

43.6 

71.6 

1.239 

47.8 

77.2 

1.261 

52.2 

82.8 

1.283 

56.6 

88.3 

1.306 

61.2 

93.7 

1.330 

66.0 

99.2 

1.355 

71.0 j 

104.7 

1.381 

76.2 

110.3 

1.408 

81.6 

115.9 

1.436 

87.0 

121.3 

1.465 

93.0 1 

126.7 

1.495 

99.0 

132.4 

1.526 

105.2 

137.9 

1.559 

111.8 

143.4 

1.593 

118.6 

148.9 

1.629 

125.8 

154.5 

1.666 

133.4 

160.0 

1.706 

141.2 

165.5 

1.747 

149.4 

171.0 

1.790 

158.0 

176.5 

1.835 

167.0 

182.0 

1.883 

176.6 

187.5 

1.933 i 

186.6 

193.0 

2.000 

200.0 

200.0 
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TABLE LXXVI 


Standards for Wire Gauge in Use in the United States 

Dimensions of Sizes in Decimal Parts of an Inch 


Number of 
Wire 
Gauge 

American 
or Brown 
& Sharpe 

Birming¬ 
ham or 
Stubs 
Wire 

Imperial 

Wire 

Gauge 

Stubs 
Steel i 
Wire j 

U. S. Standard 
for Plate 

Number of 
Wire 
Gauge 

oooooo 

#• + »*•** 

* 4 14 4 

0.464 

> t 4 4 4 

0.46875 

oooooo 

00000 

■ 44**4** 


0.432 

■ » ■ 4 * 

0.4375 

00000 

oooo 

0.46 

0.454 

0.400 

4**14 

0.40625 

0000 

000 

0.40964 

0.425 

0.372 

* 4 ► 4 ■ 

0.375 

000 

00 

0.3648 

0.38 

0.348 

4 * 4 • 4 

0.34375 

1 00 

0 

0.32486 

0.34 

0.324 

* f * * « 

0.3125 

0 

1 

0.2893 

0.3 

0.300 

0.227 

0.28125 

1 

2 

0.25763 

i" 

0.284 

0.276 

0.219 

0.265625 

2 

3 

0.22942 1 

0.259 

0.252 

0.212 

0.25 

3 

4 

0.20431 

0.238 

0.232 

0.207 

0.234375 

4 

5 

0.18194 

0.22 

0.212 

0.204 

0.21875 

5 

6 

1 0.16202 

0.203 

0.192 

0.201 

0.203125 

6 

7 

0 . 14428 

0.18 

0.176 

0.199 

0.1875 

7 

8 

0.12849 

0.165 

0.160 

0.197 

0.171875 

8 

9 

0.11443 

0.148 

0.144 

0.194 

0 . 15625 

9 

10 

0.10189 

0.134 ! 

0.128 

0.191 

0.140625 

10 

11 

0.090742 

0.12 

0.116 

0.188 

0.125 

11 

12 

0.080808 

0.109 

0.104 

0.185 

0.109375 

1 12 

13 

0.071961 

0.095 

0.092 

0.182 

0.09375 

13 

14 

0 . 064084 

0.083 

0.080 

0.180 

0.078125 

i 14 

15 

0 . 057068 

0.072 

0.072 

0.178 

0 0708125 

15 

16 

0.05082 

0.065 

0.064 

> 0.175 

0.0625 

1 16 

17 

0 . 045257 

0.058 

0.056 

0.172 

0 . 05625 

j 17 

18 

0.040303 

0.049 

0 . 048 

0.168 

0.05 

1 

18 
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TABLE LXXVII 

Comparative Toxicities of Some Common Cases and Vapors 

(From Chemical Trades Journal & Chemical Engineer , Sept 11,1936, 

and U. S. Bureau of Mines) 


Parts per Million Parts of Air 


Gas or Vapor 

Slight 
Symptoms 
after Sev¬ 
eral Hours 

Maximum 
Amount 
Which : 
May Be 
Inhaled for 

1 Hour 

Dangerous 
in 30-60 
Minutes 

Rapidly Fatal 

Chlorine (CI 2 ) 

1.0 

4.0 


1,000 

Hydrogen Sulfide (H 2 S) 

100-150 

200-300 

500-700 

1 , 000 - 3,000 

Carbon monoxide (CO) 

100 

400-500 

1,500-2,000 

4,000 

Sulfur dioxide (SO 2 ) 

10 

50-100 

400-500 


Ammonia (NH 3 ) 

100 

300-500 

2,500-4,500 

5,000-10,000 

Chloroform (CHCI 3 ) 

200 

5,000-6,000 

14,000 

25,000 

Methyl chloride (CH 3 CI) 

20,000 

40,000 

60,000-100,000 

150,000-300,000 


TABLE LXXVIII 

Weight of Ammonia Needed in a System 


The quantity of anhydrous ammonia needed in a compression plant may be esti¬ 
mated by assuming the whole space of the condenser to be filled with ammonia vapor 
at 165 lb pressure, the ammonia expansion pipes to be filled with ammonia vapor at 
20 lb. pressure, and allowing also 25 lb. of liquid ammonia for every cubic foot of 
liquid receiver capacity. The following table, gives the weight of anhydrous ammonia 
which experience shows is required for the compression side of refrigerating plants: 


Tons of refrigeration 5 
Ammonia, pounds 110 


10 20 40 100 200 300 500 

150 230 300 440 620 840 1,215 


The anhydrous ammonia required per 100 running feet of pipe on the expansion 
side is approximately as follows; 

Size of pipe, inches 1 1% 1% 2 

For refrigerating plants, direct expansion and brine cooling coils, 
pounds 14 18 20 25 

For ice plants, expansion coils for can and plate use, pounds 8 11 12 15 

For flooded-type evaporators allow sufficient refrigerant to fill the evaporator 
entirely to the float level, in addition to that necessary for the compression side of the 
refrigeration machine. The ammonia level in the receiver should be carried between 
and % full at all times if possible. 
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TABLE LXXIX 

Storage Properties op Foods 

Adapted from the American Society of Refrigerating Engineers’ 

Refrigerating Data Book, 1937-38 


Commodity 


Apples 

Asparagus 

Beans, green or snap 
lima 

Beets, topped 
bunch 

Blackberries 
Broccoli (Italian) 
Cabbage 
Carrots, topped 
bunch 
Cauliflower 
Celery 
Cherries 
Cocoanuts 

Corn (sweet) 
Cranberries 
Cucumbers 
Eggplant 
Endive 
Garlic 
Grapefruit 
Grapes, European 
American 
Horseradish 
Lemons 
Lettuce 

Melons, watermelons 
muskmelons 
honeyde w-h oneyball 
Casaba and Persian 
Nuts 


Onions and onion sets 
Oranges 

Parsnips 

Peaches 

Pears 

Peas (green) 

Peppers, sweet 
CniL (dry) 

Plums 

Potatoes 

Pumpkins 

Quinces 

Raspberries, black 
red 

Rhubarb 
Squash (winter) 

Strawberries 
Sweet potatoes 
Tomatoes, ripe 
mature green 

Turnips (including rutabagas) 
Dried Fruits 
Frozen-pack fruits 
Frozen-pack vegetables 


Storage 
Temper- ] 
ature, °F. 

Relative 
Humidity, 
per cent 

Approximate 
Storage Life ! 

Water 
Content, 
per cent 

31-32 

85-88 

2-8 moa. depend¬ 
ing upon variety 

84.1 

| 32 

85-90 

3-4 wks. 

93.0 

32-40 

85-90 

3—1 wks. 

88.9 

32 

85-90 

3-4 wks, 

66,5 

32-35 

95-98 

3-6 mos. 

87.6 

32 

90-95 

7-10 days 

• ■ 1 * 

31-32 

80-85 

7-10 days 

85.3 

■ 32 

85-90 

10-12 days 

89.9 

32 

90-95 

3-4 mos. 

92.4 I 

32 

95-98 

2-4 mos. 

88 * 2 

32 

90-95 

7-10 days 

■ tit 

32 

85-90 

2-3 wks. 

91.7 

31-32 

95-98 

2-4 mos. 

93.7 

31-32 

80-85 

10-14 days 

83.0 

32-35 

80-85 

1-2 mos. 

milk 95.2 
kernel 46.3 

31-32 

85-90 


73.9 

35-10 

90-95 

1-3 mos. 

87.4 

45-50 

85-90 

6-8 days 

96.1 

45-50 

85-90 

10 days 1 

92.7 

32 

90-95 

2-3 wks. 

93.3 

32 

70-/ 5 

5-6 mos. 

74.2 

32-33 

85-90 

8-10 wks. 

88 * 8 

30-32 

80-85 

4-6 mos. 

81*0 

30-32 

80-85 

8-14 wks. 

81*9 

32 

90-95 

4-6 mos. 

73.4 

50-55 

80-85 

2 wks -4 mos. 

89.3 

32 

90-95 

2-3 wks. 

94,8 

35—40 

, 80-85 

1-3 wks. 

92.1 

50-55 

80-95 

1-3 w’ks. 

92,8 

40-50 

80-85 

3-4 w'ka. 

4 * * * 

35-40 

80-85 

4-6 wks. 


32-35 

65-70 

8-12 mos. 

pecans 6.1 
English wal¬ 
nuts 2.5 

32 

70-7fi 

5-6 mos. 

87.5 

' 34 

80-85 

1-2 mos. 

87.2 

32-34 

90-95 

2-4 mos. 

78,6 

31-32 

85-90 

2^1 wks. 

86.9 

30-32 

85-90 

3-8 mos. 

82.7 

32 

85-90 

1-3 wks. 

74.3 

32 

85-90 

4-6 wks. 

92.4 

32-50 

! 70-75 

5-9 mos. 

i * w B 

1 31-32 

85-90 

1-2 wks. 

85.7 

36-60 

85-90 

m r . » . « 4 I # ■ # 

77.8 

55-60 

70-75 

2-6 mos. 

90 * 5 

31-32 

80-85 

3-4 mos. 

85 , 3 

31-32 

80-85 

7-10 days 

80.7 

31-32 

80-85 

7-10 days 

S3.4 

32 

90-95 

2-3 wks. 

94.9 

55-60 

■ 70-75 

2-6 mos. 

90.4 

31-32 

80-85 

7-10 days 

90,0 

50-55 

80-90 

4-6 mos. 

68 « l> 

50-55 

; 80-85 

7-10 days 

94. 1 

55-70 

1 80-85 

1-6 wks, 

94 ♦ 7 

32 

95-98 

2-4 mos. 

90.9 

32-50 

70-75 

1-2 yrs. 

i » 1 1 

10-18 


6-12 mos. 

■ p <fl H 

0-18 


6-12 mos. 

* * • • 


Average 
Freezing 
Point, °F. 


28.4 

29.8 
29.7 
* * * * 

26.9 
^ * * * 

29.1 

29.2 
31.2 

29.6 

* # ■ w 

30.1 

29.7 

27.8 


29.0 

27.3 
30.5 

30.4 

30.9 

25.4 

28.4 

24.9 
28.2 

26.4 
28.1 
31.2 
28.8 

28.5 
28.8 


Italian chest¬ 
nuts 23.8 
Walnuts 20.0 
30.1 

28.9 

29.4 

* 

30.0 

30.1 

* * * i 

28.5 

28.9 

30.2 
28.1 
28.8 

30.4 

28.4 

29.3 

29.9 

28.4 

30.4 

30.4 

30.5 


* * * * 


* The figures for oranges are Florida (Valencia), 28.26°; California (Washington Navel), 27.9°. 
*or pears: Bartlett, 28.46°; Winter Nelis, 27.25°; Anjou, 26.93°. For Persian (English) walnuts, 20 . 
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TABLE LXXX 


Heat Value of Fuels 


Combustible 

Calorific Power per 
pound in British 
Thermal Units 

Evaporative Power 
in Pounds of Water 
from and at 212° 

Carbon, burned to carbon dioxide 
burned to carbon monoxide 

Carbon monoxide 

Marsh gas 

Olefiant gas 

Hydrogen 

deducting latent heat in steam formed 
Sulfur 

Straw with 16 per cent water 

Wood, kiln dried 

air dried, with 20 per cent water 

Peat, kiln dried 

air dried, with 20 per cent water 
Charcoal from wood, dry 

Charcoal from peat, dry 

Coal, lignite, air dried 

from 

bituminous 'to 

(average 

from i 

anthracite < to 

average 

Coke | from 

Ito 

Petroleum 

Natural gas, Pennsylvania 

14,544 

4,451 

4,325 

23,513 

21,344 

62,032 

53,338 

3,996 

5,200 

8,000 

5,600 

10,000 

6,500 

13,000 

11,600 

11,000 

13,000 

15.700 

14,100 

14,000 

16,200 

15,000 

12,000 

13.700 

20,000 

26,000 

15.06 

4.61 

4.48 

24.34 

22.10 

64.22 

55.22 

4.14 

5.38 

8.28 

5.80 

10.35 

6.73 

13.46 

12.01 

11.39 

13.46 

16.25 

14.60 

14.49 

16.77 

15.53 

12.42 

14.18 

20.70 

26.92 

» 


Calorific Power, Carbon Value, and Evaporative Power of Various Fuels 

Total Heat of Combustion, or Calorific Power of a Fuel. The calorific power of a fuel is the number 
of units of beat in B.t.u. produced by .the combustion of 1 pound weight of it. 

Theoretical Evaporative Power of Fuel. The theoretical evaporative power of fuel is stated in 

pounds of water evaporated from and at 212° F, f and is obtained by dividing the calorific power of the 
fuel by 966. 

Actual Evaporative Power of Coal in Steam Boilers. From numerous experiments with steam 
boilers, it appears that the actual evaporative power of coal varies from 50 to 85 per cent of the theo¬ 
retical evaporative power. An average of a considerable number of tests gave the actual evaporative 
power equal to 70 per cent of the theoretical evaporative power. 
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TABLE LXXXI 

Flow of Steam into the Atmosphere from Orifices 


Absolute Initial 
Pressure per 
Square Inch, 
pounds 

Velocity of Out¬ 
flow at Con¬ 
stant Density, 
feet per second 

Actual Velocity 
of Outflow Ex¬ 
panded, feet 
per second 

Discharge per 
Square Inch of 
Orifice per 
Minute, pounds 

Horsepower per 
Square Inch of 
Orifice if Horse¬ 
power = 30 
Pounds per Hour 

25.37 

; 863 

1,401 

22.81 

45.6 

30. 

867 

1,408 

26.84 

53.7 

40. 

874 

1,419 

35.18 

70.4 

50. 

880 

1,429 

44.06 

88.1 

60. 

885 

1,437 

52.59 

105.2 

70. 

889 

1,444 

61.07 

122.1 

75. 

89i 

1,447 

65.30 

130.6 

90. 

895 

1,454 

77.94 

155.9 

100. 

898 

1,459 

86.34 

172.7 


TABLE LXXXII 

Radiation from Covered and Uncovered Steam Pipes 


Calculated for 160 Pounds Pressure and 60° Room Temperature 


Nominal 


Thickness of Covering (85 / 

q Magnesia) 

Pipe 

Size, 

inches 


Vi 

Inch 

H 

Inch 

1 

Inch 

IH 

Inch 

VA 

Inch 

Bare 


B.t.u. per lineal foot per hour 

149 

118 

99 

86 

79 

597 

2 

B.t.u. per square foot per hour 
B.t.u. per square foot per hour 

1 per 1° difference in tempera- 

240 

190 

161 

138 

127 

959 


ture.. 

0.770 

0.613 

0.519 

0.44d 

0.410 

3.198 


B.t.u. per lineal foot per hour 

247 

193 

160 

139 

123 

1,085 

4 

B.t.u. per square foot per hour 
B.t.u. per square foot per hour 
per 1 ° difference in tempera- 

210 

164 

136 

118 

104 

921 

_ 

ture. 

0.677 

0.592 

0.439 

0.381 

0.335 

2.970 
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TABLE LXXXIII 


Heat Loss from Babe Surfaces 


Temperature differences 50® to 300® F. 

Losses given in B.t.u. per hour, per linear foot of bare pipe, 

at various temperature differences. 


Nominal 
Pipe Size, 
inches 

Area of Pipe 
, Surface per 
Linear Foot, 
square feet 

Heat loss in B.t.u. per Linear Foot per Hour 
Temperature difference, °F.* 

50° 

100° 

150® 

200® 

250® 

300° 

X 

0.220 

21.5 

47.3 

79.2 

117.3 

162.3 

215.2 

% 

0.275 

26.8 

59.0 

98.6 

146.8 

202.1 

268.5 

1 

0.344 

33.6 

74.0 

123.8 

183.4 

253.7 

336.4 

IX 

0.435 

42.5 

93.6 

156.6 

231.9 

320.8 

425.4 

1 l A 

0.498 

48.7 

107.2 

179.3 

265.4 

367.3 1 

487.0 

2 

0.622 

60.9 

133.9 

223.9 

331.5 

\ 458.7 

608.3 

2 X 

0.753 

73.4 

161.6 

270.4 

400.3 

553.9 

734.5 

3 

0.917 

89.6 

197.3 

330.1 

488.8 

676.3 

896.8 


1.047 

102.3 

225.3 

376.9 

558.1 

772.2 

1,024.0 

4 

1.178 

115.1 

253.5 

424.2 

627.9 

868.8 

1,152.1 


1.309 

127.9 1 

281.5 

470.9 

697.2 

964.7 

1,279.2 

5 

1.456 

142.2 

313.1 

523.8 

775.5 

1,073.0 

1,423.0 


* The actual loss will be greatly affected by air velocity, smoothness of surface, and other factors. 


TABLE LXXXIV 


Approximate Efficiencies of Various Coverings 
Referred to Losses from Bare Pipes 


Covering 

Efficiency, 
per cent 

Asbestocel 

76.8 

Asbesto sponge felt 

85.0 

Magnesia 

83.5 

Asbestos, navy brand 

82.0 

Asbesto sponge hair 

86.0 













































































INDEX 


Acceleration, 19 
Activated sludge process, 447 
Agitation in pasteurizers, 305 
Air, absorption of, in ice cream, 254 
Air ejector, 320 

Air moisture, capacity of, 347 
Alternating current, 27 
Aluminum, 12T 
Ammonia, 199 
back pressure, 156 
charging, 172 
head pressure, 156 

needed to charge refrigeration sys¬ 
tem, 464 

superheat of, 177 
testing of, 172 

withdrawal from system, 172 
Ammonia compressor, capacity, 159, 
161 

diagram, 160 

effect of head pressure, 163 

Ammonia condenser, 157 

Ammonia connections, size of, 210 

Ammonia purifier, 196 

Ammonia specifications, 200 

Ammonia system for ice-cream freez¬ 
ers, 258 

Ammonia table, 146 
Ampere, 29 

Anhydrous ammonia, 199 
Arrangement of dairy plants, 430 
Aseptic canning, 312 
Atomizer pump, 335 
Atomizers, milk, 335 

Rack pressure, ammonia, 156 
effect of, 162 

Barometric condenser, 322 
Batch freezer problems, 262 
Baume reading, 3 
Bearings, anti-friction, 415 
Bf Its, arc of contact, 23 


Biological oxygen demand (BOD), 
449 

Boiler, A.S.M.E. code, 123 
cleaning of, 133 
cooling of, 134 

feedwater treatment, 135, 444 
foaming of, 133 
heat balance, 129 
management, 131 
method of firing, 129 
rating, 121 
safety valve, 130 
stack gas analyzer, 128 
strength of, 123 

Boiler horsepower, definition of, 121 
Boiler injector, 132 
Boiler tubes, scale, 133 
Boilers, automatic, 120 
electric, 121 
farm, 119 

horizontal return tubular, 117 
Scotch Marine, 121 
water-tube, 118 
Boiling-point liquids, 52 
Booster compressor, 161, 169, 170 
Borden, Gail, 319 
Bottle cappers, 374 
Bottle fillers, 372 
care of, 377 
vacuum type, 372 
valves, 375 
Bottle washers, 366 
rare of, 370 
rising jet type, 371 
Brake horsepower, 61 
Brine, 181 

ammonia leakage into, 189 
calcium chloride table. 183 
calculations, 190 
circulating system. 189 
corrosion, 184 
corrosion retarder, 185 
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Brine, electrolytic action of, 187 
foaming of, 187 
latent heat of, 192 
pH of, 184 
sediment, 188 
sodium chloride, 181 
specific heat of, 182 
storage system, 190 
system, 180 
B.t.u., 19, 88 

Burning on of milk, 6, 229 
Butter, 380 

Butter printers and wrappers, 401 

Calcium chloride, 183 
Can passing door, 222 
Can washers, 338 
care of, 351 
cleaning methods, 343 
conservation type, 356 
Jet, 340 

power required, 349, 350 
rotary, 353 
selection of, 352 
solutions, 342 
straight-away, 354 
Cans, milk, 361 
Cappers, bottle, 374 
Casein, 405 
Casein dryer, 406 
Centrifugal force, 18 
Centrifugal pump, 53 
Chains, 23 

Charging refrigeration plant, 172 
Cheese agitator, 403 
Cheese hoops, 404 
Cheese press, 404 
Cheese vat, 402 
care of, 404 
Chopped ice, 193 
Chrome iron, 11 
Churning, principles of, 380 
Churns, breaking in, 385 
care of, 384 
cleaning, 385 
construction, 381 
continuous, 386 
drives, 383 
metal, 384 


| Churns, no-roll type, 382 
setting, 386 
types of, 383 
Circuit breakers, 40 
Clarifier, milk, 396 
Cleaning of churns, 385 

Cleaning time, dairy plants, 431 
Clinkers, 126 
Coal, hard, 124 
evaporative power of, 466 
firing of, 128 
soft, 125 

Coking-method firing, 129 
Cold-room management, 222 
Cold-storage rooms, 216 
Cold-wall tank, 235, 240 
Combustion, 128 
Compressor, ammonia, 159 
booster type, 170 

capacity, effect of back pressure, 162 
capacity rating, 164 
horsepower requirement, 162 
individual, 169 
pumping out, 174 
Compressor oil, 165 
Concentration by freezing, 324 
Concrete for floors, 425 
Condensation in milk plants, .429 
Condenser, ammonia, 157 
barometric type, 322 
for vacuum pan, 320 
wet type, 322 
Conductors, electric, 27 
Congealing tank system, 192 
Containers, paper milk, 365 
Continuous buttermaker, 386 
Continuous freezer, capacity of, 274 
overrun control, 266, 268 
refrigerant temperature, 276 
refrigeration requirements of, 274 
Continuous ice-cream freezer, 262 
Continuous ice-cream mix making, 314 
Continuous pasteurizer, 309 
Convection currents, 211 
Convection heating, 95 
Conveyors, 439 
Cooler, compact type, 232 
double tube, capacity of, 232 
Coolers, sweet-water type, 192 
Cooling towers, 168 
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Cooling unit, blower type, 223 
Cork, insulating value of, 212 
Cork board, structure of, 211 
Corrosion, 415 
of metals, 15 
Cream filter, 397 
Cream line, 300, 303 
Cream separators, 392 
care of, 396 
Curd mill, 403 
Curd tension, 284 
Cycle (electrical), 30 

Dairy equipment, selection of, 441 
Dairy plant, check list, 440 
cleaning time, 431 
design, 424 

Dairy products, composition of, 5 
Dairy wastes, 446 
Dairy water requirement, 444 
Dasher, ice-cream freezer, 259 
Decimal equivalents, 453 
Defrosting of refrigerator coils, 222, 
223-225 

Delivery trucks, 363 

Depreciation of dairy equipment, 409 

Diaphragm valve, 106 

Direct current, 27 

Direct expansion cooler, 243 

Direct expansion system, 175 

Doors, 427 

Double-effect vacuum pan, 321 
Drains, floor/427 
Dry ice, 144 
Dryer, Buflovak, 334 
casein, 406 
drum-type, 329 
Krause, 332 
Rogers, 331 
spray-type, 329 
Swenson, 332 
Drying chamber, 333 
Drying of cans, 345, 347 
Dynamic head, 60, 62 

Economizer condenser, 323 
Efficiency of motors, 34 
Eggs, composition of, 5 
Elect ric lighting, 46 
Electric motor speeds, 31 


Electric power costs, 45 
Electrical control, 45 
Electrical heating, 42 
Electrolytic action in brines, 187 
Energy, 16 

Equipment, depreciation, 409 
maintenance, 408 
Equivalents, cubic foot, 457 
heat units, 28 
hydraulic, 67 
power units, 28 
surface, 454 
work units, 28 

Evaporated milk, freezing of, 4 
Evaporative condenser, capacity of, 168 
Expanding system of refrigeration, 175 
Expansion bolts, 423 
Expansion coefficients, 457 
Expansion coil, 157, 202 
ceiling type, 223 
finned type, 202 
Expansion valve, 157 
automatic pressure-type, 178 

Feedwater impurities, 134 
Fillers, bottle, 372 
paper bottle, 376, 377 
Filling attachments for ice cream, 271 
Filters for cream and milk, 397 
standards, 399 
trickling, 448 

Finned expansion coils, 202 
Firing of coal, 128 
First aid (ammonia), 171 
Fittings, sanitary recessless type, 80 
Flake ice, 193 
Flash pasteurizer, 311 
Flooded method heating, 304 
Flooded system of refrigeration, 175 
Floor drains, 427 
Floor finishing, 426 
Floors, 425 
non-slip, 426 
Flow diagram, 438 
Flow diversion valve, 103, 105 
Fluorescent lighting, 49 
Foaming of boilers, 133 
Foot-candle, 428 
Foot-pounds, 17 
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Freezer, continuous, Creamery Pack- 
age, 265 

Freezer blades, sharpening, 261 
Freezers, function of, 248 
ice-cream, 248, 255 
Freezing of milk, 4 
Freon, 198 
leak detection, 200 
properties of, 206, 207 
specifications, 200 

Frequency on electrical current, 30 
Fruit feeder, 269, 270 
Fuel oil, 127 
Fuels, 124 
combustion of, 128 
heat value, 126, 466 
lignite, 126 
Fuses, electrical, 41 
Fusible plug, 131 

Gallon, imperial, 456 
Gas fuel, 127 

Gases and vapors, density of, 458 
toxicity, 464 
Geared head motor, 35 
Gears, 23 
Glass pipe, 74 
Gravity-type fillers, 372 
Greases, 412 

Hard-water problems, 444 
Hardening rooms, area required, 227, 
434 

coils, 226 

forced air system, 226 
Hardening time, ice-cream, 227 
Hardening tunnel, ice-cream, 226 
Head pressure, ammonia, 156 
Heat, definition of, 88 
latent, 109 

loss from hot surfaces, 468 
required to evaporate milk, 326 
sensible, 109, 189 
shock in ice cream, 255 
temperature diagram for water, 108 
transfer, 90 
formula, 92 

from refrigeration coils, 157 
through walls, 213 
Heat balance boiler, 129 


Heat exchange formula, 229 
Heat exchanger types, 230 

barrel type, 233, 236 
coil type, 233 
double tube type, 231 
;! drum type, 233, 237 
plate type, 232, 234, 235 
surface type, 230 

Heat exchangers, management of, 238 
Heater, hot-water, 137 
flat-surface type, 234, 238 
Heating, by conduction, 89 
by steam injection, 236 
electrical, 42 
spray method, 304 
High-pressure cutout, 197 

High-temperature pasteurizer control, 

103 

Holding-type pasteurizer, 302 
! Homogenization, theory of, 287 
two-stage, 287 

Homogenized milk, curd tension, 284 
photo of, 282 
standard for, 284 
Homogenizers, 280 
3A standards, 296 
breaker ring, 286 
care of, 291 
cleaning, 293 
lubrication, 294 
packing, 291 
power requirement, 292 
pressure gauge, 295 
Homogenizing valve, 280 
poppet type, 286 
Horsepower, 19, 61 
Horsepower hour, 19 
Hot-water circulating unit, 136 
Hot-water heater, 137 
circuit, 241 

Hot-water heating, 317 
Hot-water requirements, 444 
Hydrometer scales, comparison of, 462 

Ice, 144 
chopped, 193 
dry, 144 
flake, 193 

refrigerating effect of, 143 
temperatures of, 143 
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Ice builder, 193 
Ice cream, heat shock, 255 
overrun, effect on capacity, 277 
overrun calculations, 256 
plant layout, 437 

Ice-cream freezer, ammonia system, 258 
batch type, 255 
continuous, 265 
dasher, 259 
disk type, 255 
Vogt, 263 

Ice-cream freezing, refrigeration re¬ 
quirements of, 252 
stacking of, 225 
troubles, 255, 270 

Ice-cream mix, effect of sugar, 251 
freezing point of, 249, 250, 251 
making, 314 
specific gravity, 1 
specific heat, 1 

temperature, effect on capacity, 276 
viscosity control, 284 
Ice-cream wrapper, automatic, 278 

Illumination. 46, 428 
Inconel, 11 

Insulation, application of, 140 
to pipes, 215 
ceilings, 219 
density of, 212 
efficiency of, 468 
electric lines. 27 
floors, 221 
materials, 212 
pipes, 215 
rating of, 213 
refrigeration, 211 
refrigeration lines, 215 
steam lines, 140 
thickness of, 217, 219 
walls, 218 

Insulator, electric, 27 

Kilowatt-hour, 19 
Kinetic energy, 17 
Krause drver, 332 

Ip- IF 

Latent heat of brine, 192 
Leak detector, Freon, 200 
valve, 306 

Lighting fixtures, 47 


Lighting standards, 429 
Lignite, 126 

Liquid receiver, ammonia, 156 
Low-pressure cutout, 197 
Low-temperature concentration, 324 
Lubrication, 411 
devices, 413 
of motors, 414 
of pumps, 69 

of refrigeration machine, 165 
Lumen, 428 

Machinery, setting of, 422 
Maximum demand, electrical, 46 
McDaniel tee, 138 
Metal alloys, 460 
composition of, 14 
Metallic flavor, 13 
Metals, corrosion, 15 
melting point of, 458 
specific gravity of, 459 
toxicity of, 13 
Milk, agitation of, 6 
and metals, 10 
boiling point of, 6 
expansion of, 6 
freezing of, 4 
homogenized, 284 
metallic flavor, 13 
sterilization, 312 

temperature volume relationship, 7 
unhomogenized, photo of, 281 
viscosity, 10 
Milk atomizer, 335 
Milk bottles, 365 
Milk cans, 361 
care of, 422 
drying of, 345 
retinning, 421 

sterilization standards, 343 
temperatures in washers, 341 
Milk clarifier, 396 
Milk concentrator, 319, 324 
Milk dryer, 327 
roller type, 329 
Milk plant plan, 436 
Milk powder plant, 329 
Milk products, density of, 3 
specific heat, 2 

Miik-to-water ratio for cooling, 241 
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Milk trucks, 362 
Milk waste disposal, 447, 448 
treatment, 447 
Mold prevention, 427 
Motors, alternating current, 32 
capacitor, 33 
change of direction, 33 

current and voltage characteristics, 44 

direct current, 31 

efficiency, 34 

geared head, 35 

horsepower, 61 

management, 38 

overload protection, 41 

polyphase, 33 

repulsion induction, 33 

single-phase, 32 

standards for, 3A, 35 

starters, 40 

synchronous, 34 

universal, 32 

wound-rotor type, 34 

Nickel, 11 
No-roll chum, 382 
Non-condensible gas, 195 
Non-condensible gas purger, 195 

Ohm, 27 

Oil, flash point, 165 
fuel, 127 

in refrigeration system, 162 
Oil burner, 125 
Oil separator, ammonia, 156 
Oil trap, 165 
refrigeration, 196 
Operation chart, 434 
Orsafc gas analyzer, 128 
Overload protection motors, 41 
Overrun, ice-cream, 256, 266, 268, 277 

Overrun tester, 257 

Package filler, continuous freezer, 272 
Pack, ice, 195 
Packing, 420 
homogenizer, 291 
Paper bottle filler, 376 
Paper milk containers, 365 
Pasteurization standards, 301 


Pasteurizers, 300 
care of, 314 
construction, 303 
continuous, 309 
controls, 306 
flash, 311 

for viscous products, 308 
high-temperature short-time, 309 
holding type, 302 
vacuum, 311 
vacuum-type, 314 
Phase, 29 
Pipe, glass, 74 
resistance of, 64 
sanitary, 77 
standard iron sizes, 72 
Pipe cleaner, 85 
Pipe cutting, 70 
Pipe fittings, 70 
Pipe friction, 61 
Pipe rack, sanitary, 84 
Pipe threading, 73 
Pipe valves, 73 
Piping, water, 445 
Piping system identification, 427 
Plans, ice-cream plant, 437 
milk plant, 436 

Plate heat exchanger, 234, 235, 309 
Plate-type pasteurizer, 309 
Popsicle tank, 225 
Pound-feet, 18 
Powdered milk, 329 
Power factor, 29 

Power requirement, homogenizer, 292 
Press, cheese, 404 
Pressure, absolute, 51 
Pressure conversion factors, 52 
Pressure gauge, 51, 132 
homogenizer, 295 
Pressure head, 51 
Pressure regulator valve, 180 
Priming of boilers, 133 
Pulleys, diameter of, 24 
Pump atomizer, 335 
Pump calculations, 62 
Pump efficiency, 55 
Pump impellers, 54 
Pump lubrication, 69 
Pump packing, 69 
Pump standards, 3A, 57 
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Pumping down refrigeration system, 174 
Pumping out condenser, 173 
Pumps, care of, 67 
centrifugal, 53 
capacity of, 65 
gear-type, 56 
positive, 53 
displacement type, 53 
rotary, 56 
sanitary, 57 
triplex, 289 

Radiation, heating, 95 
from steam pipes, 467 
Radiation coefficients, 97 
Receiving tanks, 357 
Refrigerants, properties of, 145 
Refrigerating effect, ice, 143 
Refrigeration, 143 
artificial, 154 
by ice and salt, 144 
flooded system, diagram, 158 
float control, 157 
for ice-cream freezers, 274 
Refrigeration calculations, continuous 
freezer, 273 

Refrigeration coils, 220 
pumping out, 174 
shelf type, 224 

Refrigeration condenser, evaporative 
type, 167, 168 

Refrigeration lubrication impurities, 
166 

Refrigeration machine, automatic con¬ 
trol, 174 

calculation of size, 201 
lubrication of, 165 
starting and stopping, 174 
Refrigeration system, charging of, 172 
compression type, 155 
capacity rating of, 155 
diagram, 156 
efficiency, 170, 171 
for ice-cream freezers, 258 
high-pressure side, 156 
low-pressure side, 156 
power requirement, 159 
simple system, 154 
Regeneration, 244, 309 
Reseating of sanitary fittings, 83 


Resistance of pipes, 64 
Retinning, 421 
of milk cans, 421 
Rotary atomizer, 336 
Rotary seal, 238, 260 

Safety thermal limit recorder, 103 
Safety-valve pop, 130 
Sanitary fittings, 76 
reseating, 83 
Sanitary pipe, 74 
capacity of, 76 
dimensions, 77 
standards, 3A, 77 
Sanitary pipe cleaner, 85 
Sanitary pipe fittings, 78 
Sanitary pumps, 57 
Saturated steam, 109, 110 
Scale in boiler tubes, 133 
Scraper blades, ice-cream freezer, 260 
Separators, cream, 392, 396 
Shaft speeds, calculation of, 23 
Sharpening, scraper blades, 260 
Skim milk, specific gravity, 1 
specific heat, 1 
Soaker type washers, 367 
Sodium chloride brine, 181 
Sodium chromate, 185 
Solder, 13, 81 
Soldering flux, 81 
Soldering procedure, 81, 82 
Solderless fittings, 80 
Sonic vibrator, 296 
Space requirements, milk plants, 432 
Specific gravity, various materials, 1 
Specific heat, various materials, 1 
Speed, motor, 31 
Spray heating, 304 
Spray milk dryer, 329 
Spray ponds, 168 
Squirrel cage motor, 30 
Stainless steel, 11 

Standards for milk-can sterilization 
343 

3A for motors, 35 
pasteurization, 301 
sanitary, for homogenizer, 296 
weigh cans, 357 
Stassenizer, 311 
Static head, 60 
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Steam, 108 

flow from orifices, 467 
requirements, 138 

for condensed dairy products, 328 
superheated, 110 

wet, 110 

Steam boilers, 117 

Steam generators, 118 

Steam lines, insulation of, 139, 140 

Steam pipe, size of, 137 
Steam power, 141 
Steam table, 111 
Steam trap, 135, 136 
Steaming of milk cans, 343 
Steel, low-carbon, 11 
Steel plate, gauge of, 463 
Sterilization, in the can, 312 . 

standards, 343 
Sterilizing equipment, 360 
Stoker, boiler, 125 
Stone, weight of, 460 
Stop valve, 176 

Storage properties of food, 465 
Storage temperature for foods, 465 
Strainer, weigh-can, 359 
Strainer homogenizer, 295 
Stuffing boxes, 420 
Suction head, 60 
Sugar, in ice-cream mix, 251 
Sugar solutions, freezing point of, 252 
Sulphur stick, 199 
Superheat, ammonia, 177 
Superheated steam, 110 
Surface cooler, 231 
direct expansion type, 231 
Surface film, 92 
Surface measurements, 455 
Sweet water, 192 
Swenson dryer, 332 

Tanks, capacity of, 60 
cold wall type, 235, 240 
milk storage, 245 
Temperature controller, 101 
direct acting, 107 
electric, 104, 105 

Thermometer scales, comparison of, 461 
Thermometers, 97 
checking, 99 


Thermometers, maintenance, 101 
recording, 98 

Thermostatic expansion valve, 176 
adjustment of, 179 

Time and motion principles, 430 

Tinned coatings, 421 

Tinned copper, 10 

Tinning, electrolytic process, 10 

Ton refrigeration, 155 

Tools, 417 

Torque, 18 

Toxicity of metals, 13 
Trickling filter, 448 
Triplex pump, 289 
Trouble light, 40 
Trucks, delivery, 363 
tank type, 362 

% 

V-Belt, 22 
Vacreator, 314 
Vacuum, 51 

Vacuum bottle filter, 372 
Vacuum pan, 319 
care of, 322 
double-effect, 321 
single-effect, 320 
Vacuum pasteurizer, 311, 314 
Valve, homogenizing, 280, 286 
leak detector, 306 
Valves, bottle-filler, 375 
pipe, 73 

Vapor-proof fixtures, 48 

Variable-speed drives, 24, 25 

Vats, cheese, 404 

Velocity head, 61 

Ventilation of dairy plants, 429 

Viscosity control, ice-cream mix, 284 

Volt, 29 

Volume measurements, 455 

Wall construction, 427 

* 

Washers, bottle, 366 
jet-type, 366 

Washing powders, 342, 411 
Water, cost of, 446 
defects, 442 
hardness test, 443 
head equivalent, 68 
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Water, horsepower, 61 
piping, 445 

requirements, 442 
treatment for boilers, 135 
utilization, 445 
weight of, 460 
Watt, 29 

Weigh-can strainer, 357 
Weigh cans, 356 
Wet steam, 110 


White metal, 12 
Windows, 427 
Wire gauge, 463 
Wires, carrying capacity of, 43 
Wiring for dairy plants, 42 
Wood, weight of, 460 
Work, definition of, 16 
Wrappers, butter, 401 

Zeolite treatment, 444 
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